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— Global magnetic field net (plot and animation)
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Mission Plan overviews — DPS poster a
(on display Mon-Thu), IEEE paper (March 2018) JUNO

* On display this week, Monday-Thursday — DPS poster:
— Including dedicated poster session: Giant Planet Atmospheres, 3:35-6:05 pm Tue 10/23.
— I will present a poster (co-authored with Marty Brennan) illustrating the current Juno
Mission Plan. It includes many of the graphical products we use to describe our orbital
mission (some of which are included here).
» Presented at IEEE Aerospace Conference in March 2018 — Mission Plan paper:
— At the annual IEEE Aerospace Conference earlier this year, I presented a paper that
describes our current Mission Plan with 53-day orbits and how it evolved (from the
2005 New Frontiers Concept Study Report through pre-launch development and recent
iterations during flight ops).
— The paper is available online (at https://do1.org/10.1109/AERO.2018.8396456).

» For references to Juno science papers, see list at Magnetospheres of the Outer Planets
web site (http://lasp.colorado.edu/home/mop/bibliographies/juno-science-papers/).
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Mission trajectory plots [1/2]

Jupiter North Pole view, Sun direction fixed

= Orbits 1 & 3-5 (yields initial 90-deg spacing)
Brown = Orbits 6-9 (45-deg spacing)
Yellow = Orbits 10-17 (22.5-deg spacing)
Magenta = Orbits 18-33 (11.25-deg spacing)
Purple = Orbits 34-35 (extra and deorbit)
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Jupiter North Pole view,
Sun direction fixed (down)




Mission trajectory plots [2/2]
View from Sun
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= Orbits 1 & 3-5 (yields initial 90-deg spacing)
Brown = Orbits 6-9 (45-deg spacing)
Yellow = Orbits 10-17 (22.5-deg spacing)
Magenta = Orbits 18-33 (11.25-deg spacing)
Purple = Orbits 34-35 (extra and deorbit)
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180509 reference trajectory

View from Sun




Orbits viewed from negative orbit normal @
direction (but allowing for inclination) JUND

» Equator crossing ranges are accurately depicted (view is in the plane of Jupiter’s equator):

Juno Orbit Normal View (w/ Inclination)
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* From Marty Brennan (for 180509 reference trajectory)
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J2000 & Jup-Eq Y-Axis (AU)
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J2000 & Jup-Eq Z-Axis (AU)

Evolution of Juno orbit a

as Jupiter goes around the Sun [1/2] JUNO

 Juno orbit is ~30x real size — this quasi-J2000-Jupiter-Equatorial frame rotates J2000 to
have +Z along the Jupiter N pole, but still having the +X axis towards the J2000 +X axis:

Juno Orbit and Jupiter Location about Sun
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Evolution of Juno orbit a
as Jupiter goes around the Sun [2/2] JUNO

» Also from Marty Brennan (for 180509 reference trajectory) — this is motivated by
Fran Bagenal’s request involving looking at solar wind interaction with Jupiter and Earth:

Juno Orbit and Jupiter Location about Sun
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Global magnetic field net

7N 8 PJs (with # 6-9) = 45° grid \\
M0 16 PJs (with # 10-17) = 22.5° grid |8 N
I 32 PJs (with # 18-33) = 11.25° grid (ALY
g »* N .“ A |/

Jupiter
North Pole view

» For 180509 reference trajectory
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Global magnetic field net
animation through PJ15

Juno Magnetic Field Net - Equatorial View - Perijoves 1 and 3-15 Equator Crossing Longitude - Perijoves 1 and 3-15

2016/08/25 00:00:00.0000 UTC

Juno Magnetic Field Net - N Pole View - Perijoves 1 and 3-15
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Orbit 15 =jmO0151 + jm0152 sequences
(PJ15-1d on 9/6/18 until PJ16-1d on 10/28/18)

 This orbit started ~1 day before PJ15 and is divided into 2 sequences and activity periods:

jm0161 sequence start
= Sun 10/28/18 (DOY 301) 21:00 UTC

jm0152 sequence (26.5 days) start
= Tue 10/2/18 (DOY 275) 10:00 UTC

Ascending jovigraphic equator crossing PJ15 = Fri 9/7/18 (DOY 250)
= Sat 10/27/18 (DOY 300) 18:04 UTC 01:12 UTC

¥

AJ15 = Wed 10/3/18 (DOY 276)
10:59 UTC
\ Trajectory N Pole View
N Orbit Trim Maneuver, Sun Down
oT 5
= Fri 9/7/18 (DOY

\4
>

[ S PR
A

LA

B , ) Negative Orbit Normal View
”[.JSW@ % ﬁ’”“[ “n 15 at ~AJ15-5.5d All times SCET
y )/2 (270) 21:00 UTC  1-day tick marks with respect to PJ15
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Orbit 16 = jm0161 + jm0162 sequences a
(PJ16-1d on 10/28/18 until PJ17-1d on 12/20/18) JUNOD

 This orbit starts ~1 day before PJ16 and is divided into 2 sequences and activity periods:

Solar conjunction
2018 SEP angles:

<3°=11/22,19:13 UTC
<2°=11/24, 02:19 UTC
0.496° = 11/26, 13:14 UTC

z go i Egg gggg g$g Ascending jovigraphic equator crossing PJ16 = Mon 10/29/18 (DOY 302)
A = Wed 12/19/18 (DOY 353) 17:57 UTC 21:06 UTC

v ¥

jm0171 sequence start
=Thu 12/20/18 (DOY 354) 17:00 UTC

jm0162 sequence (26.4 days) start
= Sat 11/24/18 (DOY 328) 07:00 UTC

AJ16 = Sun 11/25/18 (DOY 329)
07:02 UTC

Trajectory N Pole View
Sun Down

N 419NN -
* :00 UTC
\ -—
)
X

Solar conjunction period e i e o
» g  Backup Trim Maneuver, BTM-1¢
<3°t00.496°to >3° _, o 9

e = Tue 11/6/18 (DOY 310) 1¢

Negative Orbit Normal View
All times SCET
1-day tick marks with respect to PJ16
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PJ16 flyby animation: PJ16-1d to +1d
(time step 30 min + 1 sec, to show S/C rotation)

Orbit Data (Juno time)

2018/10/28 21:05:2

PJ

Time wrt PJ (days)

Time wrt PJ+1 (days)
Jupiter F { )
Jupiter Diameter
Jupiter-centric Latitude
Jupiter Sys III W Long
OWLT (min)
Earth Range
SPE

SEP

JPE
Attitude = Earth/GRAV
Goldstone Elevation

(AU)

Madrid Elevation

Jupiter-detic Altitude

Juno Jovicentric Speed (km/s)

Jupiter Mag Dipole Latitude

Sun Range (AU)

GRS Sys III W Long
n Axis to Earth

Spin Axis to Sun

Spin Plane to Jupiter

Juno Local Time (hours)

Orbital Element: Inclination

9.0000 UTC

v 16.000
' -1.001
-53.830
20.760

5.522

6.432
280.660
52.248

6.282

4.031

22.364
30.607

1

35.597

-29.968
1.413e+06
11.810
8.223
5.377
205.703
0.000
4.031
59.393
1.768
99.066

deg
deg
deg

deg

Orbit 16 Real-Time Display Animation - Explanation

PJ16 = Mon 10/29/18 21:06 UTC SCET, 0TM16 10/30 04:36, BTM16 11/6, AJ16 11/25, STM16 12/5.
White lines on Jupiter near PJ = Juno spin plane and +/- 29 deg (JunoCam).

Other FOVs, along with Juno horizon and 10 deg mask are shown on Jupiter.

Galilean (red dots) and inner moons (yellow dots) are shown, along with main ring.
Dotted lines = to Sun (yellow), Earth (blue), Negative Orbit Normal (gray, MWR attitude).
Wobbling disk and N/S poles in upper right = crude tilted magnetic dipole model.

Work in progress ... feedback is appreciated.

Jupiter View fram Earth Direction

Negative Orbit Normal View (jm0161 and 162) N Pole View, Sun Down (PJ16)
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Plots of geometry vs. perijove

JUNO

Juno is here

» Baseline PJ attifides, maneuvers, ranges, angles, local times, etc., for 180509 trajectory
(best viewed in PowerPoint slide show mode — click on animation right-arrow buttons):

BN 2017 [EEENE 2019 [EEEERNEN 2021 | L e e T o T ) T s
i v i

Q.\c\,o,vzoco/\ooo,S.‘:.\SE@S&S@&,W&&’&&&&&%%SQ%%@ except lasf 2 columns) Sun |Earth{j Inc JlAltitudelff LatjiAngle|ll SEP || at EqX § at AJ

SERUSESESEEZENI 2828 B U R Ul #]_Type ) Date (UTC) | (AU) | (AU)N () J_(km) NI () J ) K_(2) J(hrs)

OOOSIOIOS 06]0]0) AY J ® 0 JOI Jul 5,2016| 5.44] 5.81 : 4| 2. 8| 64.1 : :

V0686565685568 1| P31 |Aug27,2016| 5.45| 6.37| 89.9] 4163| 3.8] 4.1| 22.6 96.6]| 5.7

N 9400904990900« 2| Post-SM | Oct 19, 2016| 5.45| 6.39] 90.0] 4179] 4.7| 3.3| 18.2| 348.8] 5.5

AT AT TATAA TATATATA A 3| GRAV |Dec11,2016] 5.46] 5.85| 90.2] 4153] 5.6] 9.1 61.6 6.8] 5.2

Canéeled gofar, @ | A | | 4] MWR | Feb2,2017| 5.46] 5.03] 90.6] 4304| 6.6] 14.2[110.8] 276.5] 4.9

7A W "+ 1 AConjunctio 5| MWR Tilt [ Mar 27, 2017| 5.46] 4.48] 91.0 3404] 7.5] 25.0{167.1] 186.8] 4.7

ppositionsA: : : T | A : [§ A 6] GRAV |May 19,2017| 5.45] 4.69] 91.6] 3496] 8.5 7.5|135.4] 142.0] 4.4

Max?yy{[f;d_.?_mi_rj_j_ HRERENE 7] MWR | Jul11,2017| 5.45] 5.43| 92.2] 3500] 9.5| 26.4| 85.7] 51.9] 4.2

8| GRAV | Sepi,2017| 5.45| 6.15| 92.9] 3501|10.4] 7.2] 42.5] 321.9] 3.9

| B AU PU 248 B\ B 9| MWRTilt | Oct 24, 2017| 5.44| 6.44| 93.6] 4037|11.3] 35.0] 1.9] 231.7] 3.6

10| GRAV |Dec16,2017| 5.43| 6.14| 94.4| 4318[12.2] 6.8] 40.8] 299.1] 3.4

11| GRAV | Feb7,2018| 5.43| 5.39| 95.3| 3496|13.1] 10.5| 86.9] 209.3] 3.1

12|-30/+20| Apri,2018| 5.42| 4.62| 96.1| 3497|13.9] 35.0[139.2] 119.3] 2.9

13| GRAV |May 24, 2018| 5.41| 4.43| 97.0] 3499|14.8] 3.1/163.4 29.3] 2.6

14| GRAV | Jul16,2018| 5.39| 4.97| 97.7| 3501|15.7] 10.2[109.7 74.3] 2.4

15| GRAV | Sep7,2018| 5.38] 5.75| 98.4] 3500/16.6] 9.7| 63.6] 344.3] 2.1

16| -30/+20 | Oct 29, 2018| 5.37| 6.28] 99.0] 3500/17.4] 35.0] 21.5] 254.5| 1.9

17| GRAV | Dec21,2018| 5.35] 6.26] 99.6] 5051|18.1] 3.6] 20.2] 164.5| 1.7

18] GRAV | Feb12,2019| 5.34| 5.69/100.1] 3499|18.9] 9.6] 64.0] 243.3] 1.4

19|MWR XTk| Apr 6, 2019| 5.32| 4.86/100.5| 5296|19.7| 78.0{112.1] 108.3] 1.2

20| -30/+5 |May 29,2019] 5.30] 4.31/100.8] 7240[20.3] 30.7|166.7 18.2] 0.9

21| GRAV | Jul21,2019] 5.29] 4.50[101.0] 7976]/21.0] 7.5/137.1] 288.3] 0.7

22| GRAV |Sep12,2019] 5.27| 5.22[101.1] 7974]21.7] 11.0] 86.9] 333.2] 0.4

23] GRAV | Nov3,2019] 5.25| 5.93[105.7] 3500[22.5] 7.4] 42.7] 198.2] 0.2

24| GRAV | Dec26,2019] 5.23] 6.21/105.6] 5035[22.9] 0.2 0.8 85.8] 23.9

25| GRAV | Feb 17,2020] 5.21| 5.91/105.5| 4701]23.5| 7.2| 41.3] 153.3] 23.7

26] GRAV | Apr10,2020] 5.19] 5.17/105.3] 3501|24.1] 11.1| 85.7 63.2| 23.4

27| GRAV | Jun2,2020] 5.17| 4.40[104.9] 3499|24.7| 7.9/135.7| 355.8] 23.2

28] GRAV | Jul25,2020] 5.15| 4.15/104.4] 3500]25.3] 2.3]/168.2] 265.7] 22.9

29| GRAV | Sep 16,2020] 5.13| 4.64|103.9] 3500]25.9] 10.3|113.7 175.8] 22.6

— 30/ GRAV | Nov8,2020] 5.11| 5.44[103.2] 3499]26.6] 10.2] 66.0] 220.8] 22.4

i 31| GRAV | Dec30,2020] 5.10] 5.99/102.5] 3499]27.3] 4.3| 22.9] 130.7] 22.1

583%'%'5?“ Fau By s 32| GRAV | Feb21,2021| 5.08] 6.01/101.6] 4883]28.0] 3.5 18.4 40.8] 21.8

21h Lihoursy t 1+ Ll R o o = 2 33| GRAV | Apr15,2021| 5.06] 5.49/100.8] 3499]28.8] 9.9 59.9] 310.7] 21.6

18h N el : e i | iia i 1300 [34] Extra | Jun7,2021| 5.05] 4.69] 99.9] 3501|29.5] 11.2[105.0] 220.8] 21.3
15h&;ﬁ [Negative Orbit Normal to|Earth/Sun (deg)): P b ge 35| Deorbit | Jul 30,2021 5.03] 4.08] 98.9 -698]30.5| 4.4|157.4
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SEP = Sun-Earth-Probe angle, SPE = Sun-Probe-Earth angle, EOM = end of mission, OWLT = one-way light time
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Perijjove attitudes — GRAV, MWR, a
MWR tilt, (proposed) MWR cross-track, and off-Sun JUNG

» PJ attitudes —- GRAV, MWR, MWR tilt, (proposed) MWR cross-track, and off-Sun —
visualized by Marty Brennan (see his individual explanations in backup slides):

{] North Pole . T( gee all 5 views, use PowerPoint

4, .
4 l§ View slide show mode, and click through
l |  Note this 1s for only one orientation

‘ of the orbit with respect to the Sun
,) s O (one Neg Orbit Normal to Sun angle)

/f \\V » For some mid-mission orbits, to get
"‘ " better viewing geometries for JADE,
\‘/. "/ JEDI, UVS, and other remote sensing
\‘Q 9 Instruments, we use off-Sun attitudes
such as -30/+20 — which means spin
axis turned -30 deg in azimuth (in
| GRAV
the dawn direction wrt the Sun), and
- T +20 deg in elevation (out of Jupiter’s
I Spin axis Earth-pointed equator plane). The geometry in these
off-Sun attitudes has some similarities

to that for MWR tilt attitudes.

10/21/2018 Pre-DPS Workshop — Juno High-Level Mission Planning Info
Stuart Stephens © 2018 California Institute of Technology. Government sponsorship acknowledged. 15



Baseline reference trajectory a
(SPICE kernel or SPK file) JUNO

» Latest 180509 reference trajectory (spk ref 180429 210731 180509.bsp) is available at:
— NAIF public server: https://naif.jpl.nasa.gov/pub/naif/JUNO/kernels/spk/
— This 1s the SPICE kernel (SPK file) for the current baseline reference trajectory
— It starts > PJ12, so use reconstructed SPK files for earlier parts of the trajectory

1072172018 Pre-DPS Workshop — Juno High-Level Mission Planning Info
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https://naif.jpl.nasa.gov/pub/naif/JUNO/kernels/spk/

Orbital data useful for science planning [1/8] JUNO

Juno Orbital Data PJ-to-P] Speed Max Spd
(180509 Reference Trajectory) Orbit Sun | Earth Orbital wrt |MaxSpd| Time Late St ﬁle
Perijove Duration| L+ | JOI+ | PRM+ DSN | OWLT| Range | Range | Inclination | Jupiter | Post-PJ | wrt P]
#| Type Time (UTC/SCET) (days) |Days| Days | Days | MT PT | DOY |DOW |Week| (min)| (AU) | (AU) (°) (km/s) | (km/s) |(mm:ss) (9/23/20 1 8)
0 JOI 07/05/2016 02:47:32| 53.419 |1795 20:48(19:48| 187 | Tue 27 48.32| 5.444| 5.810 89.8 57.94 57.95] -00:23 ?
1 PJ1 08/27/2016 12:50:44| 53.222 |1849| 53.4 06:51[05:51| 240 | Sat 34 52.96] 5.449| 6.368 89.9 57.80 57.81| + 00:07 8 total pages
2| Post-SM | 10/19/2016 18:10:54| 52.953 [1902]| 106.7 12:11)11:11| 293 | Wed 42 53.15| 5.453| 6.390 90.0 57.80 57.80( + 00:08
3| GRAV |12/11/2016 17:03:41| 52.829 [1955|159.6 | 53.0 |10:04[09:04| 346 | Sun 49 48.69| 5.455| 5.855 90.2 57.81 57.81| + 00:10
4] MWR |02/02/2017 12:57:09| 52.830 |2008|212.4|105.8 [05:57|04:57| 033 | Thu 05 41.82| 5.456| 5.029 90.6 57.76 57.76] + 00:12
5|MWRTIlt|03/27/2017 08:51:52| 52.881 [2061| 265.3 | 158.6 [02:52|01:52| 086 | Mon 13 37.25| 5.456| 4.479 91.0 58.12 58.12( + 00:13
6| GRAV |05/19/2017 06:00:47| 52.829 |2114(318.1 [ 211.5(00:01|23:01| 139 Fri 20 38.98| 5.454| 4.687 91.6 58.09 58.09| + 00:15
7| MWR |07/11/2017 01:54:42| 52.829 [2166| 371.0 | 264.3 |19:55[18:55| 192 | Tue 28 45.19| 5.451| 5.433 92.2 58.10 58.10 + 00:17
8| GRAV |09/01/2017 21:48:50| 52.829 |2219(423.8 [317.2 (15:49]|14:49| 244 Fri 35 51.13| 5.447| 6.147 92.9 58.10 58.10[ + 00:19
9| MWRTTilt| 10/24/2017 17:42:31| 53.010 |2272[476.6 [ 370.0 [11:43]|10:43| 297 | Tue 43 53.52| 5.441| 6.435 93.6 57.90 57.90( + 00:20
10| GRAV ([12/16/2017 17:56:59| 52.830 |2325]|529.6|423.0 |10:57|09:57| 350 | Sat 50 51.07| 5.434| 6.141 94.4 57.80 57.80( + 00:21
11| GRAV (02/07/2018 13:51:30| 52.829 |2378|582.5|475.8 |06:52(05:52| 038 | Wed 06 44.83| 5.426( 5.390 95.3 58.13 58.13| + 00:23
12(-30/+20|04/01/2018 09:45:43 | 52.829 |2431|635.3 | 528.7 |03:46/02:46| 091 | Sun 13 38.43| 5.416| 4.620 96.1 58.14 58.14| + 00:24
2|13| GRAV |05/24/2018 05:39:50| 52.985 | 2484 688.1 | 581.5[23:40|22:40| 144 | Thu 21 36.82| 5.406| 4.428 97.0 58.15 58.15[ + 00:26
% 14| GRAV [07/16/2018 05:17:39| 52.829 |2537|741.1 | 634.5|23:18|22:18| 197 | Mon 29 41.30| 5.394| 4.965 97.7 58.16 58.16] + 00:28
o|15| GRAV [09/07/2018 01:11:57| 52.829 |2589(793.9(687.3[19:12]18:12| 250 Fri 36 47.84| 5.381| 5.752 98.4 58.17 58.17( + 00:28
‘:“ 16|-30/+20(10/29/2018 21:06:17| 52.829 |2642|846.8 | 740.1 |15:06/14:06| 302 | Mon 44 52.22| 5.367| 6.279 99.0 58.18 58.18| + 00:30
':; 17| GRAV [12/21/2018 17:00:27| 53.023 | 2695]|899.6 | 793.0 |10:00/09:00| 355 Fri 51 52.10] 5.352| 6.265 99.6 57.58 57.59[ + 00:30
g 18| GRAV [02/12/2019 17:34:16| 52.778 |2748|952.6 | 846.0 |10:34|09:34| 043 | Tue 07 47.36| 5.337| 5.695 100.1 58.20 58.21| + 00:32
9 19|MWR XTk|04/06/2019 12:14:00| 52.829 |2801[1005.4| 898.8 |06:14[05:14| 096 | Sat 14 40.44| 5.320( 4.862 100.5 57.51 57.51| + 00:32
% 20| -30/+5 |05/29/2019 08:08:14| 52.830 |[2854)|1058.2| 951.6 |02:08(01:08| 149 | Wed 22 35.86| 5.303] 4.312 100.8 56.79 56.79| + 00:33
: 21| GRAV |07/21/2019 04:02:44| 52.985 [2906|1111.1|1004.4|22:03|21:03| 202 | Sun 29 37.39| 5.285| 4.496 101.0 56.52 56.53| + 00:34
3 22| GRAV |09/12/2019 03:40:47| 52.776 |[2959|1164.0|/1057.4|21:41[20:41| 255 | Thu 37 43.45| 5.267| 5.225 101.1 56.54 56.54| + 00:34
w23 GRAV |11/03/2019 22:18:14| 52.804 |3012]1216.8/1110.2|15:18]|14:18| 307 | Sun 44 49.35| 5.248| 5.933 105.7 58.26 58.26/ + 00:36
'I' 24| GRAV |12/26/2019 17:35:57| 53.011 [3065|1269.6|/1163.0/10:36(09:36| 360 | Thu 52 51.67| 5.229| 6.212 105.6 57.66 57.67| + 00:36
i125| GRAV |02/17/2020 17:51:42| 52.830 |3118|1322.6/1216.0/10:52|09:52| 048 | Mon 08 49.16| 5.210{ 5.910 105.5 57.80 57.81| + 00:37
v 26/ GRAV |04/10/2020 13:47:11| 52.856 [3171|1375.5|1268.8|/07:47|06:47| 101 Fri 15 42.99] 5.190[ 5.169 105.3 58.28 58.29| + 00:38
27| GRAV [06/02/2020 10:19:47| 52.830 |3224(1428.3(1321.7(04:20|03:20| 154 | Tue 23 36.57| 5.171| 4.397 104.9 58.29 58.30( + 00:38
28| GRAV |07/25/2020 06:15:14| 52.830 [3277)|1481.2|1374.5/00:15(23:15| 207 | Sat 30 34.54| 5.152| 4.153 104.4 58.30 58.31| + 00:39
29| GRAV |09/16/2020 02:10:43| 52.985 [3329|1534.0|1427.3|20:11{19:11| 260 | Wed 38 38.63| 5.133| 4.645 103.9 58.32 58.32| + 00:40
30 GRAV |11/08/2020 01:49:34| 52.830 [3382|1587.0/1480.3|18:50(17:50| 313 | Sun 45 45.21| 5.114| 5.436 103.2 58.33 58.34| + 00:40
31| GRAV [12/30/2020 21:45:08| 52.830 |3435(1639.8(1533.2[14:45|13:45| 365 | Wed 53 49.79| 5.096( 5.987 102.5 58.34 58.35[ + 00:41
32| GRAV |02/21/2021 17:40:27| 52.831 |[3488|1692.6/1586.0/10:40(09:40| 052 | Sun 07 49.96| 5.078[ 6.007 101.6 57.81 57.82 + 00:42
33| GRAV |04/15/2021 13:36:23| 52.830 [3541|1745.5|1638.8|07:36(06:36| 105 | Thu 15 45.66| 5.061| 5.490 100.8 58.37 58.38] + 00:43
34| Extra |06/07/2021 09:32:00| 52.792 [3594|1798.3|1691.6/03:32|02:32| 158 | Mon 23 38.98| 5.045| 4.687 99.9 58.38 58.39| + 00:45
35| Deorbit |07/30/2021 04:32:45 364711851.1|1744.4|122:33|21:33| 211 Fri 30 33.91| 5.030| 4.078 98.9 60.16 60.18| + 00:47
From Nav
Using spk_ref_180429_210731_180509.bsp (latest reference trajectory) after AJ12. The latest reconstructed trajetories are used for AJ12 and earlier. Data are for P] (perijove) unless stated otherwise.
PJ9 attitude is in the MWR Tilt direction, but truncated at 35 deg off-Sun (vs. 39.4 deg for MWR Tilt). PJ12 attitude is in the MWG-desired -30/+20 (az/el) direction, but truncated at 35 deg off-Sun (vs. 35.5 deg).

PJ16 attitude is in the MWG-desired -30/+20 (az/el) direction, but truncated at 35 deg off-Sun (vs. 35.5 deg). P]20 attitude is in the MWG-desired -30/+5 (az/el) direction (30.4 deg off-Sun, so no need for truncation). Future PJ attitudes are preliminary.
Cells are highlighted (shaded gray) to point out: before/after ~7 longitude shifts, non-prime shift, weekends, minima/maxima, >4.5 G mag field, opposition/conjunction, SPE < 3.059, Far EgX distance wrt Galilean satellite orbital ansae, 70-m down times.
MT = Mountain Time. PT = Pacific Time. DOY = day of year. DOW = day of week. OWLT = one-way light time. NON = negative orbit normal. NTON = negative tilted orbit normal. § = Sun, P = Probe, E = Earth, J = Jupiter in SPE, SEP, JPE, SJP.
XTk = crosstrack (Juno +Z aligned with Jupiter S pole then tilted 1.5 deg E and 10 deg N for MWR). EqQX = (outbound) equator crossing. Far EqX = inbound equator crossing. Altitudes are Jupiter-detic, and latitudes are Jupiter-centric. Rj = 71,492 km.
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. . . e
Orbital data useful for science planning [2/8 JUNe
Juno Orbital Data Alt wrt Min Alt Approx | Sys | Approx NON [ NON [NTON |[NTON| Sun Earth | Dec
(180509 Reference Trajectory) | Oblate | Jupiter | Min Alt | Time Magnetic | III W |Magnetic| Local | to to to to Speed | Speed | at
Perijove Jupiter | Range | Post-PJ| wrt PJ Latitude | Long Field |Time | Sun [Earth| Sun | Earth | on Sky | on Sky | DSN
#| Type | Time (UTC/SCET) | (km) | (Rj) | (km) |(mm:ss) ) (°) |(Gauss)|(hrs)| (°) | (°) | (°) | (°) |(°/day)]|(°/day)]| (°)
0| JoI 07/05/2016 02:47:32 4494| 1.063 4491| + 00:13] 2.7 -6.7| 32.7 4.1] 18.1] 2.9| 12.0] 16.0/ 19.4 0.4 0.4| 6.0
1 PJ1 08/27/2016 12:50:44 4163 1.058 4158| + 00:19( 3.8 1.1| 95.8 4.8/ 17.9 2.7 2.8 16.1| 159 0.4 0.3] 2.1
2| Post-SM | 10/19/2016 18:10:54 4179| 1.058 4172| + 00:23| 4.7 -3.3| 347.7 3.6/ 17.6] 6.3| 9.4 17.3| 18.6 0.3 0.3| -2.4
3| GRAV [12/11/2016 17:03:41 4153| 1.057 4143| + 00:27| 5.6 -3.6 5.5 3.7 17.3] 10.2| 19.2| 19.3| 25.3 0.3 0.3] -6.1
4| MWR |02/02/2017 12:57:09 4304| 1.059 4290| + 00:32| 6.6 9.3] 274.9 3.7 17.1] 14.2| 23.9] 22.0] 29.2 0.3 0.4| -7.7
5|MWRTIlt[03/27/2017 08:51:52 3404 1.046 3386 + 00:36| 7.5 16.7| 184.9 8.5| 16.8] 18.3| 20.6/ 25.0] 27.0 0.3 0.5] -6.2
6| GRAV |05/19/2017 06:00:47 3496| 1.047 3473| + 00:41| 8.5 12.9] 139.8 8.2| 16.6| 22.3| 15.1| 28.4| 23.3 0.3 0.4| -4.1
7| MWR |07/11/2017 01:54:42 3500 1.047 3470| + 00:46| 9.5 0.9] 49.4 3.9] 16.3| 26.4| 16.0| 32.0| 24.1 0.3 0.4| -4.6
8| GRAV |09/01/2017 21:48:50 3501| 1.047 3465| + 00:51{10.4 5.9] 319.0 4.2| 16.0| 30.5| 23.4| 35.6] 29.8 0.3 0.3] -7.6
9| MWRTilt| 10/24/2017 17:42:31 4037 1.054 3995 + 00:55|11.3 19.9] 2284 4.7 15.8| 34.6] 34.3] 39.4| 39.0 0.3 0.3]-11.6
10| GRAV |12/16/2017 17:56:59 4318| 1.057 4271| + 00:59|12.2 11.5| 295.3 4.3| 15.5| 38.8| 45.5| 43.2| 49.1 0.3 0.3|-15.1
11| GRAV (02/07/2018 13:51:30 3496| 1.045 3443| + 01:02|13.1 22.7| 205.1 7.0 15.3| 42.9| 53.2| 47.1| 56.4 0.3 0.3|-17.1
12[-30/+20|04/01/2018 09:45:43 3497 1.045 3437 + 01:06/13.9 14.2| 114.6 6.4| 15.0|/ 47.0] 53.9] 50.9] 57.2 0.3 0.4/-17.2
2|13| GRAV |05/24/2018 05:39:50 3499| 1.044 3430| +01:11]{14.8 5.3] 24.0 3.2 14.8| 51.2| 48.2| 54.8| 52.2 0.3 0.4|-15.6
% 14| GRAV [07/16/2018 05:17:39 3501| 1.044 3425| + 01:14|15.7 9.0| 68.7 6.7| 14.5| 55.2| 45.3] 58.6] 49.7 0.3 0.4]-14.9
o|15| GRAV [09/07/2018 01:11:57 3500 1.043 3418 +01:17|16.6 9.5| 338.2 5.4 14.3] 59.3| 49.8] 62.3] 53.8 0.3 0.3]-16.4
®(16[-30/+20[10/29/2018 21:06:17 3500| 1.043 3411| +01:21|17.4 24.0| 247.6 5.8/ 14.0| 63.3| 59.5| 66.0] 62.5 0.3 0.3/-19.0
':,' 17| GRAV ([12/21/2018 17:00:27 5051| 1.064 4958| + 01:25]|18.1 24.8| 157.0 11.3| 13.8 67.3] 70.8/ 69.8] 73.0 0.3 0.4]-21.3
2118[ GRAV [02/12/2019 17:34:16 3499| 1.042 3397| +01:27[18.9 26.9| 235.3 6.7| 13.5| 71.3| 80.6] 73.4] 82.0 0.3 0.4|-22.4
9 19|MWR XTk|04/06/2019 12:14:00 5296 1.066 5190| + 01:31]19.7 17.3] 99.7 6.3| 13.3] 75.2| 85.1| 77.1] 86.1 0.3 0.4]-22.7
% 20| -30/+5 | 05/29/2019 08:08:14 7240 1.093 7131| + 01:35/20.3 11.0 9.1 3.5 13.0| 79.2| 81.7| 80.7| 83.0 0.3 0.4|-22.5
= 21| GRAV |07/21/2019 04:02:44 7976 1.103 7860| + 01:39|21.0 22.9| 278.6 4.1| 12.8| 83.1| 75.7| 84.2| 77.5 0.3 0.4]-22.1
#[22| GRAV |09/12/2019 03:40:47 7974| 1.102 7855| + 01:41[21.7 16.5| 323.3 4.6| 12.5| 86.9| 76.2| 87.8] 77.9 0.3 0.3]-22.4
w[23] GRAV [11/03/2019 22:18:14 3500 1.039 3369 +01:39|22.5 31.7] 186.2 11.9] 12.3] 93.0| 85.9] 93.2| 86.9 0.4 0.4|-23.1
'I' 24| GRAV |12/26/2019 17:35:57 5035| 1.060 4904| + 01:42)|22.9 16.7| 73.3 6.5| 12.0| 96.5| 96.4| 96.4| 96.3 0.4 0.4|-23.2
i125| GRAV |02/17/2020 17:51:42 4701| 1.055 4562| + 01:44|23.5 27.8| 140.6 11.4| 11.8({100.2{107.1| 99.7| 105.8 0.4 0.4]-22.3
V26| GRAV 04/10/2020 13:47:11 3501 1.037 3354| + 01:46[24.1 15.6/ 50.5 4.8| 11.5|103.8|114.4| 102.9] 112.3 0.4 0.4]-21.1
27| GRAV [06/02/2020 10:19:47 3499 1.037 3348 +01:47|24.7 17.1] 342.9 6.1 11.3{107.4(114.9| 106.1] 112.8 0.4 0.4/-21.0
28| GRAV |07/25/2020 06:15:14 3500| 1.036 3342| + 01:50|25.3 31.1] 252.8 6.7| 11.0|111.0|108.8| 109.3| 107.3 0.4 0.4]-22.2
29| GRAV |09/16/2020 02:10:43 3500{ 1.036 3335| + 01:52|25.9 33.2| 162.7 13.9| 10.8({114.6(104.7| 112.6| 103.7 0.4 0.4|-22.7
30 GRAV [11/08/2020 01:49:34 3499| 1.035 3328| + 01:54[26.6 36.1| 207.7 10.2| 10.5(118.3{108.5| 115.8]| 107.1 0.4 0.4]-22.1
31| GRAV [12/30/2020 21:45:08 3499 1.034 3321 +01:57|27.3 27.8| 117.7 9.4/ 10.3(121.9(117.8| 119.1] 115.5 0.4 0.5[-20.1
32| GRAV |02/21/2021 17:40:27 4883 1.053 4701| + 02:00(28.0 18.4| 27.7 3.6/ 10.0{125.6{129.0| 122.5| 125.5 0.4 0.5/-16.9
33| GRAV |04/15/2021 13:36:23 3499| 1.033 3305| + 02:02|28.8 27.3| 298.0 5.6 9.7|129.3|138.8| 125.9| 134.0 0.4 0.5/-13.5
34| Extra |06/07/2021 09:32:00 3501 1.032 3297| + 02:05[29.5 39.1] 208.1 10.5 9.4|133.1{143.8| 129.3| 138.2 0.4 0.4/-11.6
35| Deorbit |07/30/2021 04:32:45 -698| 0.972 -925| + 02:04]30.5 25.8| 85.1 9.3 9.2|136.9|141.1] 132.8] 136.2 0.4 0.4/-12.6
From Nav
Using spk_ref_180429_210731_180509.bsp (latest reference trajectory) after AJ12. The latest reconstructed trajetories are used for AJ12 and earlier. Data are for P] (perijove) unless stated otherwise.
PJ9 attitude is in the MWR Tilt direction, but truncated at 35 deg off-Sun (vs. 39.4 deg for MWR Tilt). PJ12 attitude is in the MWG-desired -30/+20 (az/el) direction, but truncated at 35 deg off-Sun (vs. 35.5 deg).

PJ16 attitude is in the MWG-desired -30/+20 (az/el) direction, but truncated at 35 deg off-Sun (vs. 35.5 deg). P]20 attitude is in the MWG-desired -30/+5 (az/el) direction (30.4 deg off-Sun, so no need for truncation). Future PJ attitudes are preliminary.
Cells are highlighted (shaded gray) to point out: before/after ~7 longitude shifts, non-prime shift, weekends, minima/maxima, >4.5 G mag field, opposition/conjunction, SPE < 3.059, Far EgX distance wrt Galilean satellite orbital ansae, 70-m down times.
MT = Mountain Time. PT = Pacific Time. DOY = day of year. DOW = day of week. OWLT = one-way light time. NON = negative orbit normal. NTON = negative tilted orbit normal. § = Sun, P = Probe, E = Earth, J = Jupiter in SPE, SEP, JPE, SJP.
XTk = crosstrack (Juno +Z aligned with Jupiter S pole then tilted 1.5 deg E and 10 deg N for MWR). EqQX = (outbound) equator crossing. Far EqX = inbound equator crossing. Altitudes are Jupiter-detic, and latitudes are Jupiter-centric. Rj = 71,492 km.
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Orbital data useful for science planning [3/8] JUNO

Juno Orbital Data

(180509 Reference Trajectory) Off-Sun Angle (°) Off-Earth Angle (°) +/- J-P-
Perijove Base- MWR Base- MWR SPE | SEP | ESP | JPE [NTON| EJP | SP] (SJP| SEJ |SJE| ESJ
#| Type Time (UTC/SCET) line | MWR | Tilt |OtherGRAV| line [MWR | Tilt [Other|GRAV| (®) | ®) [ O O 1 OO OO 1 OO O] O
0 JOI 07/05/2016 02:47:32 91.8 29| 16.0 9.7 91.0] 12.0f 19.4 0.0] 9.7| 64.1{106.2| 78.0f 90.7|101.9| 87.7[92.3| 64.1| 9.7[/106.2
1 PJ1 08/27/2016 12:50:44 4.1 2.7 16.1 4.1 0.0 2.8 15.9 0.0] 4.1] 22.6/153.3] 87.6] 90.9] 92.4| 91.7|88.3| 22.6( 4.1{153.3
2| Post-SM | 10/19/2016 18:10:54 883 6.3 17.3 S8 0.0 9.4, 18.6 0.0 -3.3] 18.2|158.6/ 98.9] 91.1| 81.1| 95.6|84.3| 18.2 3.3|158.6
3| GRAV [12/11/2016 17:03:41 9.1 10.2] 19.3 9.1 0.0) 19.2f 25.3 0.0/ -9.1( 61.6/109.3/108.6| 91.4| 71.4( 99.6|80.4| 61.6( 9.1{109.3
4| MWR |02/02/2017 12:57:09 14.2| 14.2| 22.0 9.7 23.9] 23.9| 29.2 0.0] -9.7|/110.8] 59.5/113.0f 91.6| 67.0/103.4/76.6/110.8| 9.7 59.5
5|MWRTIlt[03/27/2017 08:51:52 25.0( 18.3] 25.0 2.3| 27.0] 20.6] 27.0 0.0] -2.3|167.1| 10.6/109.4| 91.8| 70.6|/107.2|72.8|167.1| 2.3| 10.6
6| GRAV |05/19/2017 06:00:47 7.5 22.3] 284 7.5 0.0) 15.1| 23.3 0.0/ 7.5({135.4| 37.1/103.6| 92.0| 76.4{111.0|69.0|/135.4| 7.5| 37.1
7| MWR |07/11/2017 01:54:42 26.4( 26.4| 32.0 10.7| 16.0f 16.0] 24.1 0.0| 10.7| 85.7| 83.6/104.2| 92.3| 75.8|/114.6/65.4| 85.7|10.7| 83.6
8| GRAV |09/01/2017 21:48:50 7.2 30.5| 35.6 7.2 0.0] 23.4| 29.8 0.0 7.2 42.5|/130.3|111.3] 92.5| 68.7(118.3|61.7| 42.5 7.2|130.3
9| MWRTilt| 10/24/2017 17:42:31 35.0/ 34.6] 39.4( 35.0 0.3| 34.7| 34.3] 39.0] 34.7 0.0/ 0.3 1.9/177.8/121.6] 92.7| 58.4(121.8|58.2 1.9] 0.3]177.8
10| GRAV ([12/16/2017 17:56:59 6.8 38.8] 43.2 6.8 0.0) 45.5 49.1 0.0 -6.8] 40.8|/132.4/131.8] 92.9| 48.2(125.3|54.7| 40.8| 6.8{132.4
11| GRAV (02/07/2018 13:51:30 10.5| 42.9| 47.1 10.5 0.0/ 53.2| 56.4 0.0(-10.5| 86.9| 82.7(138.3| 93.1| 41.7(128.7|51.3| 86.8(10.5| 82.7
12[-30/+20|04/01/2018 09:45:43 35.0f 47.0] 50.9( 35.0 6.9/ 40.9| 53.9| 57.2] 40.9 0.0 -6.9(139.2] 33.9/138.2] 93.4| 41.8/131.9/48.1{139.2| 6.9| 33.9
2|13| GRAV |05/24/2018 05:39:50 3.1] 51.2| 54.8 Sl 0.0) 48.2 52.2 0.0/ 3.1({163.4| 13.5/132.2| 93.6| 47.8(135.0|/45.0|/163.4] 3.1| 13.5
% 14| GRAV [07/16/2018 05:17:39 10.2| 55.2| 58.6 10.2 0.0] 45.3] 49.7 0.0 10.2{109.7| 60.1/128.9] 93.8| 51.1{138.1|41.9|/109.7(10.2] 60.1
o|15| GRAV [09/07/2018 01:11:57 9.7| 59.3| 62.3 9.7 0.0 49.8] 53.8 0.0] 9.7| 63.6/106.7[132.5| 94.0{ 47.5/141.0/39.0| 63.7( 9.7[106.7
©116|-30/+20(10/29/2018 21:06:17 35.0f 63.3] 66.0f 35.0 3.9/ 31.8| 59.5| 62.5| 31.8 0.0) 3.9] 21.5[154.6/140.5| 94.2| 39.5|/143.6/36.4| 21.5| 3.9/154.6
:; 17| GRAV ([12/21/2018 17:00:27 3.6/ 67.3] 69.8 3.6 0.0/ 70.8{ 73.0 0.0 -3.6/ 20.2|156.1/149.0| 94.4| 31.0(146.2|33.8| 20.2| 3.6/156.2
g 18| GRAV [02/12/2019 17:34:16 9.6/ 71.3] 734 9.6 0.0/ 80.6/ 82.0 0.0 -9.6/ 64.0|/106.4|/154.5| 94.6] 25.5(148.5|31.5| 64.0 9.6/106.4
9 19|MWR XTk|04/06/2019 12:14:00 78.0{ 75.2| 77.1| 78.0] 10.0f 77.4| 85.1| 86.1] 77.4 0.0{-10.0{112.1] 57.9/155.8] 94.7| 24.2(/150.6/29.4[112.1|10.0| 57.9
% 20| -30/+5 |05/29/2019 08:08:14 30.4( 79.2| 80.7( 30.4 2.5 32.9| 81.7 83.0] 32.9 0.0) -2.5|166.7| 10.8|153.6/ 94.9| 26.4|152.3|27.6|166.7| 2.5 10.8
: 21| GRAV |07/21/2019 04:02:44 7.5| 83.1] 84.2 7.5 0.0 75.7( 77.5 0.0/ 7.5{137.1] 35.4/149.6| 95.1| 30.4(153.7|26.3|137.1| 7.5| 35.4
3 22| GRAV |09/12/2019 03:40:47 11.0/ 86.9] 87.8 11.0 0.0] 76.2 77.9 0.0 11.0{ 86.9| 82.1|149.5| 95.2| 30.5{154.7|25.3] 86.9(11.0] 82.1
w[23] GRAV [11/03/2019 22:18:14 7.4| 93.0/ 93.2 7.4 0.0/ 85.9] 86.9 0.0| 7.4| 42.7|/129.9/152.7| 95.5| 27.3|154.9|25.1| 42.7( 7.4{129.9
"II 24| GRAV |12/26/2019 17:35:57 0.2 96.5| 964 0.2 0.0) 96.4| 96.3 0.0/ 0.2 0.8|179.0{155.0| 95.6| 25.0{155.0/25.0 0.8 0.2({179.0
i125| GRAV |02/17/2020 17:51:42 7.2| 100.2] 99.7 7.2 0.0| 107.1| 105.8 0.0 -7.2( 41.3|131.5/152.8| 95.7| 27.2(154.4|25.6| 41.3| 7.2|131.5
v 26/ GRAV |04/10/2020 13:47:11 11.1] 103.8| 102.9 11.1 0.0] 114.4| 112.3 0.0(-11.1| 85.7| 83.2/149.1] 95.9| 30.9(153.4|26.6| 85.7(11.1] 83.2
27| GRAV [06/02/2020 10:19:47 7.9| 107.4| 106.1 7.9 0.0 114.9] 112.8 0.0 -7.9]135.7| 36.5/148.5| 96.0( 31.5|151.9/28.1|135.7 7.9] 36.5
28| GRAV |07/25/2020 06:15:14 2.3] 111.0| 109.3 2.3 0.0) 108.8( 107.3 0.0 2.3[168.2 9.5[151.0] 96.1| 29.0{150.0/30.0{168.2| 2.3 9.5
29| GRAV |09/16/2020 02:10:43 10.3| 114.6| 112.6 10.3 0.0| 104.7{ 103.7 0.0 10.3{113.7| 55.9/151.7| 96.3| 28.3(147.8|32.2|113.7(10.3| 55.9
30 GRAV [11/08/2020 01:49:34 10.2] 118.3| 115.8 10.2 0.0] 108.5[ 107.1 0.0 10.2| 66.0/103.8/150.0] 96.4| 30.0({145.3|34.7| 66.0(10.2|103.8
31| GRAV [12/30/2020 21:45:08 4.3] 121.9] 119.1 4.3 0.0] 117.8f 115.5 0.0 4.3] 22.9|152.8/145.0] 96.5| 35.0({142.5|37.5| 22.9| 4.3]152.8
32| GRAV |02/21/2021 17:40:27 3.5] 125.6] 122.5 385 0.0] 129.0f 125.5 0.0 -3.5[ 18.4|158.1|/137.1| 96.7| 42.9(139.6|/40.4| 18.4| 3.5/158.1
33| GRAV |04/15/2021 13:36:23 9.9| 129.3| 125.9 9.9 0.0| 138.8] 134.0 0.0 -9.9( 59.9|110.2/129.2| 96.8| 50.8(136.4|43.6| 59.9/ 9.9/110.2
34| Extra |06/07/2021 09:32:00 11.2] 133.1| 129.3 11.2 0.0| 143.8] 138.2 0.0(-11.2(105.0| 63.8/124.8] 97.0| 55.2(133.2|46.8|/105.0({11.2| 63.8
35| Deorbit |07/30/2021 04:32:45 4.4| 136.9] 132.8 4.4 0.0] 141.1] 136.2 0.0 -4.4[/157.4| 18.1|126.6] 97.1| 53.4/129.8|50.2|157.4| 4.4] 18.1
From Nav
Using spk_ref_180429_210731_180509.bsp (latest reference trajectory) after AJ12. The latest reconstructed trajetories are used for AJ12 and earlier. Data are for P] (perijove) unless stated otherwise.
PJ9 attitude is in the MWR Tilt direction, but truncated at 35 deg off-Sun (vs. 39.4 deg for MWR Tilt). PJ12 attitude is in the MWG-desired -30/+20 (az/el) direction, but truncated at 35 deg off-Sun (vs. 35.5 deg).

PJ16 attitude is in the MWG-desired -30/+20 (az/el) direction, but truncated at 35 deg off-Sun (vs. 35.5 deg). P]20 attitude is in the MWG-desired -30/+5 (az/el) direction (30.4 deg off-Sun, so no need for truncation). Future PJ attitudes are preliminary.
Cells are highlighted (shaded gray) to point out: before/after ~7 longitude shifts, non-prime shift, weekends, minima/maxima, >4.5 G mag field, opposition/conjunction, SPE < 3.059, Far EgX distance wrt Galilean satellite orbital ansae, 70-m down times.
MT = Mountain Time. PT = Pacific Time. DOY = day of year. DOW = day of week. OWLT = one-way light time. NON = negative orbit normal. NTON = negative tilted orbit normal. § = Sun, P = Probe, E = Earth, J = Jupiter in SPE, SEP, JPE, SJP.
XTk = crosstrack (Juno +Z aligned with Jupiter S pole then tilted 1.5 deg E and 10 deg N for MWR). EqQX = (outbound) equator crossing. Far EqX = inbound equator crossing. Altitudes are Jupiter-detic, and latitudes are Jupiter-centric. Rj = 71,492 km.
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Orbital data useful for science planning [4/8] JUNG
L }'\‘ ‘.~ ‘
Juno Orbital Data Time |Jupiter|Alt wrt| JPE SysIII [ GRS GRS Juw +Zto S/C DustRam| S/C
(180509 Reference Trajectory) wrt P]J | Range |Jupiter| at W Long | Sys III | Sys III |wrt G Angle at EgX (°) |Dust Ram
Perijove Equator Crossing at EgX | at EgX | at EqX | EqX at-20°S|W Long|W Long| W Long | Base- Speed
#| Type Time (UTC/SCET) |(# | Time (UTC/SCET) |(mm:ss)| (Rj) (km) (°) (°) (°) c (°) (°) line |Other| GRAV| (km/s)
0 JOI 07/05/2016 02:47:32| 0/07/05/2016 02:48:35| + 01:03] 1.063 4526| 78.1 18.1 33.3 8093 38 295 103|ll44.8 144.8)| 54.5 70.8
1 PJ1 08/27/2016 12:50:44| 1]|08/27/2016 12:52:10( + 01:26 1.059 4220( 87.7 17.9 96.6 8002 101 313 149 53.1 53.1 70.7
2| Post-SM | 10/19/2016 18:10:54| 2|10/19/2016 18:12:41| + 01:47| 1.060 4269| 99.1 17.6] 348.8 8273 354 330 23| 52.6 52.6 70.8
3| GRAV |12/11/2016 17:03:41| 3|12/11/2016 17:05:50| + 02:09| 1.060 4284|109.0 17.3 6.8 8517 12 348 24| 53.3 53,5 70.9
4| MWR |02/02/2017 12:57:09| 4]|02/02/2017 12:59:40| + 02:31| 1.063 4482|113.6 17.1 276.5 8952 282 5 276 54.9] 549 53.6 71.0
5|MWRTIlt|03/27/2017 08:51:52| 5|03/27/2017 08:54:42| + 02:50 1.051 3636(110.2 16.8 186.5] 8294 192 23 169| 69.0/ 69.0] 52.3 71.7
6 GRAV |05/19/2017 06:00:47 | 6)|05/19/2017 06:03:59| + 03:12| 1.053 3790(104.4 16.5 142. 8688 147 40 107| 51.2 51.2 71.9
7| MWR |07/11/2017 01:54:42| 7|07/11/2017 01:58:16| + 03:34| 1.054 3863(105.2 16.3 51.9 9002 58 58 360 55.4| 55.4( 50.9 72.3
8| GRAV |09/01/2017 21:48:50| 8]|09/01/2017 21:52:45| + 03:55| 1.055 3938(112.8 16.00 321.9 9319 328 75 253 51.6 51.6 72.6
9| MWRTTilt| 10/24/2017 17:42:31| 9|10/24/2017 17:46:50| + 04:19 1.064 4564(123.7 15.7 231.ﬂ 10220 238 92 146 67.5| 67.5] 53.9 72.7
10| GRAV |12/16/2017 17:56:59(10(12/16/2017 18:01:40| + 04:41| 1.069 4939|134.8 15.5 299.ﬂ 10860 306 110 196| 57.5 57.5 72.9
11| GRAV (02/07/2018 13:51:30|11(02/07/2018 13:56:27| + 04:57| 1.059 4206|142.5 15.2| 209.3 10316 216 127 89| 60.5 60.5 73.8
12|-30/+20|04/01/2018 09:45:43|12|04/01/2018 09:51:00| + 05:17 1.060 4308[143.0 14.9 119.3 10674 127 145 342 67.7| 67.7| 60.0 74.2
2|13| GRAV |05/24/2018 05:39:50|13|05/24/2018 05:45:29| + 05:39| 1.062 4422|137.1 14.7 29.3 11042 37 162 235 56.6 56.6 74.6
% 14| GRAV [07/16/2018 05:17:39|14/07/16/2018 05:23:39| + 06:00( 1.064 4546|134.0 14.4 74.3 11417 82 180 262 55.1 558! 74.9
o|15| GRAV [09/07/2018 01:11:57|15|/09/07/2018 01:18:17| + 06:20 1.065 4671(138.6 14.1 344.5 11808 353 189 163 56.6 56.6 75.2
©16|-30/+20(10/29/2018 21:06:17|16(10/29/2018 21:12:57| + 06:40( 1.067 4800|148.3 13.8| 254.5 12199 263 206 57| 68.5| 68.5| 61.4 75.5
':,' 17| GRAV ([12/21/2018 17:00:27|17(12/21/2018 17:07:38| + 07:11| 1.091 6514(159.8 13.6 164.5 14309 173 223 311 68.0 68.0 74.9
g 18| GRAV [02/12/2019 17:34:16|18/02/12/2019 17:41:33| + 07:17| 1.071 5060(169.6 13.3 243.:1 12963 252 240 13[ 741 74.1 75.9
9 19|MWR XTk|04/06/2019 12:14:00|19]04/06/2019 12:21:52| + 07:52 1.099 7052(173.8 13.0 108.3 15371 118 256 221 43.6] 43.6] 76.9 75.1
% 20| -30/+5 | 05/29/2019 08:08:14 |20|05/29/2019 08:16:42| + 08:28| 1.129 9193|170.6 12.8 18.2 17941 28 273 115 59.3| 59.3| 74.2 74.3
: 21| GRAV |07/21/2019 04:02:44(21|07/21/2019 04:11:37| + 08:53| 1.141| 10090(164.7 12.5| 288.3 19146 298 290 8| 70.1 70.1 74.0
#122| GRAV 09/12/2019 03:40:47|22(09/12/2019 03:49:57| + 09:10| 1.143| 10236|165.2 12.2] 333. 19508 343 306 37| 70.2 70.2 73.9
®[23] GRAV |11/03/2019 22:18:14[23|11/03/2019 22:27:08| + 08:54| 1.082 5874|174.5 11.8 198.2 15294 210 323 246| 76.5 76.5 78.3
"I' 24| GRAV |12/26/2019 17:35:57|24|12/26/2019 17:45:19| + 09:22| 1.106 7584(173.6 11.6 85.8 17334 97 340 117| 84.5 84.5 77.4
i125| GRAV |02/17/2020 17:51:42|25/02/17/2020 18:01:15| + 09:33] 1.103 7366(162.7 11.3 153.3 17244 165 357 168| 92.6 92.6 77.4
V26| GRAV 04/10/2020 13:47:11 |26/ 04/10/2020 13:56:44| + 09:33| 1.087 6239(155.0 11.1 63. 16150 75 13 61| 98.0 98.0 77.9
27| GRAV [06/02/2020 10:19:47|27)|06/02/2020 10:29:33| + 09:46 1.089 6371|154.5 10.8 355.8 16441 7 30 337 98.3 98.3 77.6
28| GRAV |07/25/2020 06:15:14|28|07/25/2020 06:25:14| + 10:00{ 1.091 6504(160.9 10.6| 265.7 16735 277 47 230f 93.3 933 77.3
29| GRAV |09/16/2020 02:10:43|29|09/16/2020 02:20:57| + 10:14| 1.093 6648(165.2 10.3 175.8 17044 187 64 123| 90.0 90.0 76.9
30/ GRAV [11/08/2020 01:49:34(30{11/08/2020 02:00:02| + 10:28| 1.095 6795(161.3 10.1 220. 17352 231 80 151 92.6 92.6 76.5
31| GRAV ([12/30/2020 21:45:08|31)|12/30/2020 21:55:51| + 10:43 1.097 6951|151.7 9.8 130.7 17691 141 97 44| 99.2 99.2 76.1
32| GRAV |02/21/2021 17:40:27|32|02/21/2021 17:51:44| + 11:17| 1.120 8592[140.1 9.6 40.8 19681 51 114 297(107.0 107.0 74.9
33| GRAV |04/15/2021 13:36:23 |33|04/15/2021 13:47:38| + 11:15| 1.102 7300{130.0 9.3| 310.7 18389 321 131 190) 113.3 113.3 75.0
34| Extra |06/07/2021 09:32:00|34|06/07/2021 09:43:33| + 11:33| 1.105 7498(124.9 9.1 220.8 18787 230 147 83| 116.3 116.3 74.5
35| Deorbit |07/30/2021 04:32:45[35(/07/30/2021 04:43:38| + 10:53 1.045 3213|127.8 8.8 97.0 1 113.9 113.9 76.1

Using spk_ref_180429_210731_180509.bsp (latest reference trajectory) after AJ12. The latest reconstructed trajetories are used for AJ12 and earlier. Data are for P] (perijove) unless stated otherwise.
PJ9 attitude is in the MWR Tilt direction, but truncated at 35 deg off-Sun (vs. 39.4 deg for MWR Tilt). PJ12 attitude is in the MWG-desired -30/+20 (az/el) direction, but truncated at 35 deg off-Sun (vs. 35.5 deg).

PJ16 attitude is in the MWG-desired -30/+20 (az/el) direction, but truncated at 35 deg off-Sun (vs. 35.5 deg). P]20 attitude is in the MWG-desired -30/+5 (az/el) direction (30.4 deg off-Sun, so no need for truncation). Future PJ attitudes are preliminary.
Cells are highlighted (shaded gray) to point out: before/after ~7 longitude shifts, non-prime shift, weekends, minima/maxima, >4.5 G mag field, opposition/conjunction, SPE < 3.059, Far EgX distance wrt Galilean satellite orbital ansae, 70-m down times.
MT = Mountain Time. PT = Pacific Time. DOY = day of year. DOW = day of week. OWLT = one-way light time. NON = negative orbit normal. NTON = negative tilted orbit normal. § = Sun, P = Probe, E = Earth, J = Jupiter in SPE, SEP, JPE, SJP.
XTk = crosstrack (Juno +Z aligned with Jupiter S pole then tilted 1.5 deg E and 10 deg N for MWR). EqQX = (outbound) equator crossing. Far EqX = inbound equator crossing. Altitudes are Jupiter-detic, and latitudes are Jupiter-centric. Rj = 71,492 km.
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Orbital data useful for science planning [5/8]

JUNO

Juno Orbital Data Time Jupiter Max Time Jupiter Min
(180509 Reference Trajectory) wrt PJ Range | JPE at| Lat at wrt PJ Range |JPE at| Latat
Perijove N Pole (max lat) at N Pole | at N Pole | N Pole | N Pole S Pole (min lat) at S Pole | at S Pole | S Pole | S Pole

#| Type Time (UTC/SCET) |(# | Time (UTC/SCET) |(mm:ss) (Rj) (°) (°) | # | Time (UTC/SCET) |(mm:ss) (Rj) (°) (°)
0| Jor 07/05/2016 02:47:32| 0|07/05/2016 01:52:55 - 54:37 2.04 88.6 89.8| 0/07/05/2016 03:50:17| + 62:45 2.21 91.4| -89.8
1 PJ1 08/27/2016 12:50:44| 1]|08/27/2016 11:58:02 -52:42 1.97 88.3 89.9| 1|08/27/2016 13:54:42 + 63:58 2.24 91.7| -89.9
2| Post-SM | 10/19/2016 18:10:54| 2|10/19/2016 17:19:24 -51:30 1.94 87.8 90.0/ 2|10/19/2016 19:16:27| + 65:33 2.28 92.2| -90.0
3] GRAV |12/11/2016 17:03:41| 3|12/11/2016 16:13:25 -50:16 1.91 87.1 89.8| 3|12/11/2016 18:10:53| + 67:12 2.32 92.9| -89.8
4] MWR |02/02/2017 12:57:09| 4|02/02/2017 12:07:53 -49:16 1.89 86.5 89.4| 4|02/02/2017 14:06:15| + 69:06 2.36 93.5| -89.4
5|MWRTIlt|03/27/2017 08:51:52| 5|03/27/2017 08:04:37 -47:15 1.84 86.0 89.0( 5/03/27/2017 10:01:32 + 69:40 2.38 94.0| -89.0
6| GRAV |05/19/2017 06:00:47| 6|05/19/2017 05:14:33 -46:14 1.82 85.6 88.4| 6|05/19/2017 07:12:24| + 71:37 2.42 94.3| -88.4
7 MWR |07/11/2017 01:54:42| 7|07/11/2017 01:09:33 -45:09 1.79 85.2 87.7| 7|07/11/2017 03:08:14| + 73:32 2.47 94.7| -87.7
8| GRAV [09/01/2017 21:48:50| 8|09/01/2017 21:04:43 -44:07 1.77 84.7 87.1| 8|09/01/2017 23:04:19| + 75:29 2.52 95.3| -87.1
9| MWRTTilt| 10/24/2017 17:42:31| 9|10/24/2017 16:58:56 -43:35 1.76 84.1 86.4| 9/10/24/2017 19:00:48 + 78:17 2.58 95.8| -86.4
10| GRAV ([12/16/2017 17:56:59|10(12/16/2017 17:14:07 -42:52 1.74 83.8 85.6/10|12/16/2017 19:17:45| + 80:46 2.64 96.2| -85.6
11| GRAV (02/07/2018 13:51:30|11(02/07/2018 13:10:16 -41:14 1.70 83.5 84.7|11|02/07/2018 15:13:02| + 81:32 2.66 96.5| -84.7
12[-30/+20|04/01/2018 09:45:43|12|04/01/2018 09:05:24 -40:19 1.68 82.9 83.8/12(04/01/2018 11:09:25 + 83:42 2.71 97.1] -83.8
2|13| GRAV |05/24/2018 05:39:50)13]05/24/2018 05:00:25 - 39:25 1.66 81.9 83.0/13|05/24/2018 07:05:47 | + 85:57 2.76 98.0] -83.0
% 14| GRAV |07/16/2018 05:17:39(14|07/16/2018 04:39:05 - 38:34 1.64 81.4 82.3/14|07/16/2018 06:45:54| + 88:15 2.82 98.6] -82.3
o[15| GRAV |09/07/2018 01:11:57|15|/09/07/2018 00:34:13 - 37:44 1.62 81.5 81.6/15|09/07/2018 02:42:35 + 90:38 2.87 98.4| -81.6
®(16[-30/+20[10/29/2018 21:06:17 |16/ 10/29/2018 20:29:22 - 36:55 1.60 82.4 80.9/16|10/29/2018 22:39:20| + 93:03 2.93 97.6/ -80.9
':,' 17| GRAV (12/21/2018 17:00:27|17(12/21/2018 16:23:07 -37:20 1.61 83.9 80.3|17|12/21/2018 18:38:47 | + 98:20 3.04 96.1| -80.3
2(18] GRAV [02/12/2019 17:34:16 |18|02/12/2019 16:58:48 - 35:28 1.56 85.5 79.8/18|02/12/2019 19:12:07| + 97:51 3.04 94.5| -79.9
9 19|MWR XTk|04/06/2019 12:14:00[19]|04/06/2019 11:37:56 - 36:04 1.59 86.3 79.4/19]|04/06/2019 13:57:52| + 103:52 3.17 93.7| -79.4
% 20| -30/+5 |05/29/2019 08:08:14 (20| 05/29/2019 07:31:26 - 36:48 1.61 85.6 79.1120|05/29/2019 09:58:32 | + 110:18 3.30 94.4| -79.1
= 21| GRAV |07/21/2019 04:02:44(21|07/21/2019 03:26:03 - 36:41 1.61 84.5 78.9|21|07/21/2019 05:57:07 | + 114:23 3.38 95.5| -78.9
#[22| GRAV |09/12/2019 03:40:47 |22|09/12/2019 03:04:41 - 36:06 1.60 84.7 78.8/22|09/12/2019 05:37:41 | + 116:54 3.44 95.3| -78.9
%23 GRAV [11/03/2019 22:18:14(23]|11/03/2019 21:46:14 -32:00 1.48 86.5 74.2123(11/04/2019 00:09:53| + 111:39 3.35 93.6| -74.2
',' 24| GRAV |12/26/2019 17:35:57 |24|12/26/2019 17:03:19 -32:38 1.51 89.7 74.3|24|12/26/2019 19:32:55| + 116:58 3.46 90.4| -74.3
i125| GRAV |02/17/2020 17:51:42|25(02/17/2020 17:19:45 -31:57 1.49 92.9 74.4|25|02/17/2020 19:50:08 | + 118:26 3.49 87.1| -74.4
V26| GRAV 04/10/2020 13:47:11|26|04/10/2020 13:16:27 - 30:44 1.46 95.1 74.6/26|04/10/2020 15:45:10| + 117:59 3.49 85.0] -74.7
27| GRAV (06/02/2020 10:19:47(27|06/02/2020 09:49:28 -30:19 1.45 95.2 75.0|27(06/02/2020 12:20:05| + 120:18 3.54 84.9| -75.1
28| GRAV |07/25/2020 06:15:14|28|07/25/2020 05:45:21 -29:53 1.44 93.5 75.5[28|07/25/2020 08:17:59 | + 122:45 3.59 86.6| -75.5
29| GRAV |09/16/2020 02:10:43[29|09/16/2020 01:41:17 -29:26 1.43 92.3 76.0/29|09/16/2020 04:16:03 | + 125:20 3.65 87.7| -76.1
30/ GRAV |11/08/2020 01:49:34|30[11/08/2020 01:20:34 -29:00 1.42 93.2 76.7|30|11/08/2020 03:57:36 | + 128:02 3.71 86.9| -76.7
31| GRAV (12/30/2020 21:45:08 (31|12/30/2020 21:16:36 - 28:32 1.41 95.2 77.4131(12/30/2020 23:56:10| + 131:02 3.77 84.9| -77.4
32| GRAV |02/21/2021 17:40:27(32|02/21/2021 17:11:34 - 28:53 1.42 97.2 78.3[32|02/21/2021 19:58:16 | + 137:49 3.91 82.8| -78.3
33| GRAV |04/15/2021 13:36:23 33| 04/15/2021 13:08:46 -27:37 1.39 98.5 79.2|33|04/15/2021 15:53:53 | + 137:30 3.91 81.5| -79.2
34| Extra |06/07/2021 09:32:00|34|06/07/2021 09:04:54 -27:06 1.38 98.8 80.1|34|06/07/2021 11:53:13 | + 141:13 3.99 81.2| -80.1

35| Deorbit [07/30/2021 04:32:45|35|07/30/2021 04:08:27 -24:18 1.29 97.9 81.0

From Nav

From SOAP

Using spk_ref_180429_210731_180509.bsp (latest reference trajectory) after AJ12. The latest reconstructed trajetories are used for AJ12 and earlier. Data are for P] (perijove) unless stated otherwise.

PJ9 attitude is in the MWR Tilt direction, but truncated at 35 deg off-Sun (vs. 39.4 deg for MWR Tilt). PJ12 attitude is in the MWG-desired -30/+20 (az/el) direction, but truncated at 35 deg off-Sun (vs. 35.5 deg).

PJ16 attitude is in the MWG-desired -30/+20 (az/el) direction, but truncated at 35 deg off-Sun (vs. 35.5 deg). P]20 attitude is in the MWG-desired -30/+5 (az/el) direction (30.4 deg off-Sun, so no need for truncation). Future PJ attitudes are preliminary.
Cells are highlighted (shaded gray) to point out: before/after ~7 longitude shifts, non-prime shift, weekends, minima/maxima, >4.5 G mag field, opposition/conjunction, SPE < 3.059, Far EgX distance wrt Galilean satellite orbital ansae, 70-m down times.
MT = Mountain Time. PT = Pacific Time. DOY = day of year. DOW = day of week. OWLT = one-way light time. NON = negative orbit normal. NTON = negative tilted orbit normal. § = Sun, P = Probe, E = Earth, J = Jupiter in SPE, SEP, JPE, SJP.
XTk = crosstrack (Juno +Z aligned with Jupiter S pole then tilted 1.5 deg E and 10 deg N for MWR). EqQX = (outbound) equator crossing. Far EqX = inbound equator crossing. Altitudes are Jupiter-detic, and latitudes are Jupiter-centric. Rj = 71,492 km.
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. . .
Orbital data useful for science planning [6/8] JUNG

Juno Orbital Data AJ-to-A) Jupiter Local | Approx | Sys III Time wrt | Jupiter | Local

(180509 Reference Trajectory) Orbit |OWLT | Range | Time | Magnetic| W Long| SPE | JPE | EJP | SJP Next PJ at| Range at| Time at
Perijove Apojove Duration| atAJ | atA) (atAJ|LatatAl| atAJ |atAJ|atAJ|atAl|atAl| Far Equator Crossing Far EQX | Far EgX |Far EqX

# | Type Time (UTC/SCET) |(# | Time (UTC/SCET) (days) [ (min)| (Rj) |(hrs) (°) (°) (°) (°) (°) (°) | #| Time (UTC/SCET) (days) (Rj) (hrs)
0 JOI |07/05/2016 02:47:32| 0[/07/31/2016 19:46:02| 26.707 | 51.04| 113.36] 6.0 -10.5 62.4| 7.4| 97.1| 82.4| 89.7| 0/08/10/2016 05:44:57 -17.30 104.36 6.0
1 PJ1 08/27/2016 12:50:44| 1|09/23/2016 03:44:48| 53.332 53.70( 113.08 5.7 -12.6 50.2 0.6/ 86.3| 93.3] 93.7| 1[10/04/2016 17:19:44 -15.04 99.19 5.7
2| Post-SM | 10/19/2016 18:10:54| 2|11/15/2016 05:36:45| 53.078 | 51.54| 112.70| 5.5 3.6 176.3| 6.5| 75.3/104.2| 97.6| 2|11/28/2016 18:31:35 -12.94 93.23 5.4

3| GRAV |12/11/2016 17:03:41| 3|01/07/2017 03:11:30| 52.899 | 45.48| 112.52| 5.2 -0.5 146.9| 10.3| 67.7[111.7|101.5| 3|01/22/2017 08:58:16 -11.17 87.27 5.1
4 MWR |02/02/2017 12:57:09| 4[02/28/2017 22:55:48| 52.822 | 39.08| 112.53| 4.9 -15.3 50.7| 7.0 67.2|112.1|105.3| 4]|03/17/2017 20:26:59 -9.52 80.85 4.9
5|MWRTIlt|03/27/2017 08:51:52| 5|04/22/2017 19:14:57| 52.847 37.42| 112.60 4.7 -14.4 335.5 2.9| 73.2{106.1|109.1| 5]05/11/2017 01:50:07 -8.17 74.86 4.6
6/ GRAV [05/19/2017 06:00:47| 6[/06/14/2017 15:58:35| 52.864 | 41.94| 112.52| 4.4 -5.9| 275.2| 10.0] 76.5/102.9/112.9| 6|07/04/2017 01:31:06 -7.02 69.02 4.3
7| MWR |07/11/2017 01:54:42| 7|08/06/2017 11:44:04| 52.823 | 48.58| 112.52| 4.2 -0.8 179.6| 9.6| 72.3/107.2|116.5| 7|08/26/2017 20:54:38 - 6.04 63.54 4.0
8| GRAV [09/01/2017 21:48:50| 8(09/28/2017 07:51:01| 52.838 | 53.10| 112.51 3.9 -12.9 97.0/ 4.0 63.2/116.4|120.1| 8/10/19/2017 11:30:48 -5.26 58.76 3.8
9| MWRTTilt| 10/24/2017 17:42:31| 9/11/20/2017 05:57:23| 52.921 53.17| 112.76 3.6 -15.5 86.5 3.4| 52.6(127.0{123.7| 9]12/12/2017 03:50:47 -4.59 54.31 3.5
10| GRAV |12/16/2017 17:56:59(10(01/12/2018 03:52:42| 52.913 | 48.58| 112.50| 3.4 -18.8 69.4| 9.2 43.8/135.9|127.1/10/02/03/2018 14:51:07 -3.96 49.76 3.2
11| GRAV [02/07/2018 13:51:30|11(03/05/2018 23:55:41| 52.835 | 41.67| 112.50| 3.1 -20.8| 344.2| 9.7| 40.2(139.4|130.5/11|03/28/2018 22:29:54 -3.47 45.97 2.9
12[-30/+20|04/01/2018 09:45:43|12|04/27/2018 19:36:40| 52.820 37.11| 112.50 2.9 -7.1 245.7 2.3| 43.9/135.6/133.7/12|05/21/2018 04:30:56 -3.05 42.47 2.7
2 13] GRAV |05/24/2018 05:39:50|13|06/19/2018 17:31:07| 52.913 | 38.77| 112.71 2.6 -6.3| 227.9| 7.4| 49.6/129.8/136.8/13|07/13/2018 12:32:15 -2.70 39.40 2.4
% 14| GRAV [07/16/2018 05:17:39|14(08/11/2018 15:18:47| 52.908 | 44.90| 112.50| 2.4 -6.2| 205.9| 10.7| 49.5/130.1{139.8/14|09/04/2018 15:55:07 -2.39 36.49 2.1
o|15| GRAV [09/07/2018 01:11:57|15|10/03/2018 10:59:04| 52.820 50.82| 112.49 2.1 -17.3 106.9 7.2] 43.2/136.4|142.6/15/10/27/2018 18:04:03 -2.13 33.92 1.8
©/16|-30/+20]10/29/2018 21:06:17 (16| 11/25/2018 07:01:53 | 52.835 | 53.16| 112.47 1.9 -27.0 21.5 0.2| 34.6/145.2|145.2(16|12/19/2018 17:57:18 -1.96 32.19 1.6
':,' 17| GRAV [12/21/2018 17:00:27|17|01/17/2019 05:19:30| 52.929 | 50.62| 112.75 1.7 -27.8 17.6| 7.0| 27.2{152.6(147.7|17|02/11/2019 00:02:25 -1.73 29.74 1.3
2118[ GRAV [02/12/2019 17:34:16 |18/03/11/2019 02:47:52| 52.895 | 44.34| 112.39 1.4 -26.4| 343.8| 10.6| 23.8/156.0|149.9|18|04/04/2019 21:24:00 -1.62 28.45 1.0
9 19|MWR XTk|04/06/2019 12:14:00|19]05/02/2019 22:17:22| 52.812 37.95| 112.44 1.2 -11.8 238.3 7.2] 24.3/155.5/151.8|19]|05/27/2019 19:22:23 -1.53 27.43 0.8
% 20| -30/+5 | 05/29/2019 08:08:14 | 20| 06/24/2019 18:02:00| 52.823 | 36.22| 112.42| 0.9 -15.3 141.8| 2.8 27.9/151.8|153.4|20/07/19/2019 17:42:15 -1.43 26.23 0.5
El21] GRAV 07/21/2019 04:02:44 (21| 08/16/2019 16:00:28| 52.916 | 40.54| 112.63| 0.7 -18.3 126.3| 10.2| 30.4/149.2|154.6|21|09/10/2019 19:46:47 -1.33 25.00 0.2
#[22| GRAV |09/12/2019 03:40:47|22|10/08/2019 12:50:27 | 52.868 | 47.08| 112.41 0.4 -28.1 69.5 9.8| 28.4|151.3|155.2(22]|11/02/2019 20:34:44 -1.07 21.74 23.8
®[23] GRAV |11/03/2019 22:18:14[23|11/30/2019 07:39:02| 52.784 51.49| 112.42 0.2 -23.2 299.0 4.0/ 25.1|154.7|155.4|23[12/25/2019 16:32:55 -1.04 21.34 23.6
—.' 24| GRAV |12/26/2019 17:35:57|24|01/22/2020 05:43:13| 52.920 | 51.41| 112.72| 23.9 -21.6| 286.7| 3.7 25.0|/154.8]155.2|24|02/16/2020 18:17:24 -0.98 20.50 23.3
i[25] GRAV [02/17/2020 17:51:42|25[03/15/2020 03:44:25| 52.918 | 46.76| 112.48] 23.7 -19.9] 272.6| 9.7| 28.6/151.1|154.3]|25/04/09/2020 16:01:02 -0.91 19.45 23.1
V26| GRAV [04/10/2020 13:47:11]26]05/07/2020 00:15:53 | 52.855 | 39.90] 112.51] 23.4 -14.4| 204.3| 10.5| 31.2(148.5/153.0/26|06/01/2020 13:42:56 - 0.86 18.75 22.8
27| GRAV [06/02/2020 10:19:47|27]|06/28/2020 20:24:30| 52.839 35.15[ 112.49| 23.2 -22.5 122.2 3.2] 29.7(149.9|151.3|27]|07/24/2020 10:45:13 -0.81 18.06 22.6
28| GRAV |07/25/2020 06:15:14 |28|08/20/2020 16:08:29 | 52.822 | 36.36| 112.48| 22.9 -34.7 25.2| 7.2| 27.6/152.1|149.2|28|09/15/2020 07:44:08 -0.77 17.39 22.3
29| GRAV |09/16/2020 02:10:43[29|10/12/2020 14:05:37 | 52.915 | 42.32| 112.70| 22.6 -35.1 8.6| 11.1 28.1/151.6|146.8/29|11/07/2020 08:21:17 -0.73 16.77 22.1
30| GRAV [11/08/2020 01:49:34|30|12/04/2020 11:36:41| 52.897 | 48.34| 112.50| 22.4 -32.9| 336.4| 7.6| 31.5/148.3|144.2|30(12/30/2020 05:15:58 - 0.69 16.12 21.8
31| GRAV [12/30/2020 21:45:08|31]|01/26/2021 07:35:46| 52.833 50.84| 112.48| 22.1 -20.4 248.5 0.4| 38.2|141.5/141.3|31[02/21/2021 01:41:13 -0.67 15.77 21.6
32| GRAV |02/21/2021 17:40:27|32|03/20/2021 03:47:12| 52.841 | 48.59| 112.50| 21.8 -19.8 168.2| 7.1| 46.5[133.1/138.2|32|04/14/2021 22:54:13 -0.61 14.91 21.3
33| GRAV |04/15/2021 13:36:23[33|05/11/2021 23:30:28 | 52.822 | 42.68| 112.51| 21.6 -34.7 70.9] 11.3| 53.1|126.4|135.0/33|06/06/2021 19:41:32 - 0.58 14.30 21.1
34| Extra |[06/07/2021 09:32:00[34|07/03/2021 19:26:51| 52.831 | 36.20| 112.49| 21.3 -36.5| 341.5| 8.7| 54.4/125.0|131.7|34|07/29/2021 16:32:53 - 0.50 13.01 20.8
35| Deorbit [07/30/2021 04:32:45

From Nav

From SOAP

Using spk_ref_180429_210731_180509.bsp (latest reference trajectory) after AJ12. The latest reconstructed trajetories are used for AJ12 and earlier. Data are for P] (perijove) unless stated otherwise.

PJ9 attitude is in the MWR Tilt direction, but truncated at 35 deg off-Sun (vs. 39.4 deg for MWR Tilt). PJ12 attitude is in the MWG-desired -30/+20 (az/el) direction, but truncated at 35 deg off-Sun (vs. 35.5 deg).

PJ16 attitude is in the MWG-desired -30/+20 (az/el) direction, but truncated at 35 deg off-Sun (vs. 35.5 deg). P]20 attitude is in the MWG-desired -30/+5 (az/el) direction (30.4 deg off-Sun, so no need for truncation). Future PJ attitudes are preliminary.
Cells are highlighted (shaded gray) to point out: before/after ~7 longitude shifts, non-prime shift, weekends, minima/maxima, >4.5 G mag field, opposition/conjunction, SPE < 3.059, Far EgX distance wrt Galilean satellite orbital ansae, 70-m down times.
MT = Mountain Time. PT = Pacific Time. DOY = day of year. DOW = day of week. OWLT = one-way light time. NON = negative orbit normal. NTON = negative tilted orbit normal. § = Sun, P = Probe, E = Earth, J = Jupiter in SPE, SEP, JPE, SJP.
XTk = crosstrack (Juno +Z aligned with Jupiter S pole then tilted 1.5 deg E and 10 deg N for MWR). EqQX = (outbound) equator crossing. Far EqX = inbound equator crossing. Altitudes are Jupiter-detic, and latitudes are Jupiter-centric. Rj = 71,492 km.
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Orbital data useful for science planning [7/8] JUNO

Juno Orbital Data Orbit (PJ-1d to PJ-1d, D/L D/L D/L D/L Total Science DSS DSS
(180509 Reference Trajectory) | start time truncated Orbit Rate to | Rate to | Rate to | Rate to D/L D/L Down Down
Perijove to the previous hour) | Duration | First BWG HEF SBW 70-m | Capability | Capability Times Times
# | Type Time (UTC/SCET) | # | Start (UTC/SCET) | (days) | Seq# | (bps) | (bps) [ (bps) | (bps) |(Gb/Orbit) | (Gb/Orbit) (orbit) (PJ/OTM)
0| JoI 07/05/2016 02:47:32 22000 26000 30000/ 120000 63 ok
1 PJ1 08/27/2016 12:50:44 jm0003| 18000| 22000 26000/ 120000 108.2 80.5 63 ok
2| Post-SM | 10/19/2016 18:10:54| 2| 10/18/2016 18:00 | 52.958 |jm0005| 18000/ 18000| 18000| 50000 ok ok
3| GRAV |12/11/2016 17:03:41| 3| 12/10/2016 17:00 | 52.792 |jm0031| 26000/ 22000| 26000| 120000 93.8 66.5 14 ok
4] MWR |02/02/2017 12:57:09| 4| 02/01/2017 12:00 | 52.833 |jm0041| 35000 30000 35000/ 150000 141.7 102.6 14,43 14
5|MWRTIilt|03/27/2017 08:51:52| 5| 03/26/2017 08:00 | 52.917 |jm0051| 40000/ 40000/ 50000( 200000 137.0 99.3 63,25 63
6| GRAV |05/19/2017 06:00:47| 6| 05/18/2017 06:00 | 52.792 |jm0061| 40000{ 40000( 40000/ 200000 155.2 112.7 14 ok
7| MWR |07/11/2017 01:54:42| 7| 07/10/2017 01:00 | 52.833 |jm0071| 26000/ 30000| 35000| 150000 106.6 76.0 14 14
8| GRAV |09/01/2017 21:48:50| 8| 08/31/2017 21:00 | 52.833 |jm0081| 22000| 22000 26000/ 120000 67.5 46.4 43 ok
9| MWRTTilt| 10/24/2017 17:42:31| 9| 10/23/2017 17:00 | 53.000 [jm0091| 18000( 18000( 18000| 50000 63.4 43.3 43 43
10| GRAV ([12/16/2017 17:56:59|10| 12/15/2017 17:00 | 52.833 [jm0101| 22000| 22000| 22000{ 100000 83.9 58.6 43 43
11| GRAV (02/07/2018 13:51:30|11| 02/06/2018 13:00 | 52.833 (jm0111| 30000/ 26000| 30000| 150000 112.0 79.9|43,25,14,63 43
12[-30/+20|04/01/2018 09:45:43|12| 03/31/2018 09:00 | 52.833 |jm0121| 40000/ 40000/ 40000/ 200000 133.7 96.6 25,63 25,63
2|13| GRAV |05/24/2018 05:39:50| 13| 05/23/2018 05:00 | 53.000 [jm0131| 40000| 40000| 50000{ 200000 143.1 103.7 25,63 25,63
% 14| GRAV (07/16/2018 05:17:39|14| 07/15/2018 05:00 | 52.833 [jm0141| 30000| 35000| 40000{ 200000 106.2 75.6 63,25 63
©|15| GRAV [09/07/2018 01:11:57|15| 09/06/2018 01:00 | 52.833 [jm0151| 26000| 26000| 30000| 120000 755 52.4 63,43,14 63
©16|-30/+20(10/29/2018 21:06:17 | 16| 10/28/2018 21:00 | 52.833 [jm0161| 22000| 18000| 22000( 50000 53.3 35.7 ok ok
':,' 17| GRAV (12/21/2018 17:00:27|17| 12/20/2018 17:00 | 53.000 [jm0171| 22000| 18000| 22000( 50000 83.3 58.1 ok ok
218[ GRAV [02/12/2019 17:34:16 18| 02/11/2019 17:00 | 52.792 [jm0181| 26000 22000| 30000/ 100000 97.0 68.6 43 ok
9[19|MWR XTk|04/06/2019 12:14:00 [ 19| 04/05/2019 12:00 | 52.833 |jm0191| 35000/ 35000/ 40000/ 150000 124.5 89.6 14,63 ok
% 20| -30/+5 |05/29/2019 08:08:14 | 20| 05/28/2019 08:00 | 52.833 |jm0201| 40000/ 50000| 50000| 200000 125.9 90.7 63 63
= 21| GRAV |07/21/2019 04:02:44 (21| 07/20/2019 04:00 | 52.958 |jm0211| 40000/ 40000| 50000| 200000 128.4 92.5 63,25 63
#[22| GRAV |09/12/2019 03:40:47|22| 09/11/2019 03:00 | 52.792 |[jm0221| 30000| 30000 35000] 120000 138.4 99.0 ok ok
%23 GRAV [11/03/2019 22:18:14 (23| 11/02/2019 22:00 | 52.792 [jm0231| 22000 22000/ 26000| 100000 76.3 Szl ok ok
’I' 24| GRAV |12/26/2019 17:35:57 24| 12/25/2019 17:00 | 53.000 |jm0241 1000 1000 1000/ 18000 64.4 44.2 14,43 ok
i125| GRAV |02/17/2020 17:51:42|25| 02/16/2020 17:00 | 52.833 [jm0251| 22000 22000| 26000( 100000 93.7 66.0 43 43
V26| GRAV 04/10/2020 13:47:11 | 26| 04/09/2020 13:00 | 52.875 [jm0261| 30000/ 30000| 35000( 120000 117.2 84.0 43 43
27| GRAV |06/02/2020 10:19:47 (27| 06/01/2020 10:00 | 52.833 |jm0271| 40000 40000/ 50000| 150000 141.0 102.0 43 43
28| GRAV |07/25/2020 06:15:14 |28| 07/24/2020 06:00 | 52.833 |jm0281| 50000/ 50000| 50000| 200000 134.8 97.3 43 43
29| GRAV |09/16/2020 02:10:43 29| 09/15/2020 02:00 | 52.958 |jm0291| 40000/ 40000| 50000| 150000 110.1 78.6 43,25,63 43
30/ GRAV |11/08/2020 01:49:34 (30| 11/07/2020 01:00 | 52.833 |jm0301| 30000 26000| 30000| 120000 78.3 54.5 63 63
31| GRAV |12/30/2020 21:45:08 31| 12/29/2020 21:00 | 52.833 |jm0311| 22000 22000| 26000| 100000 66.2 45.6 14 ok
32| GRAV |02/21/2021 17:40:27 32| 02/20/2021 17:00 | 52.833 |jm0321| 22000/ 22000| 26000| 100000 78.5 54.6 63 ok
33| GRAV |04/15/2021 13:36:23 33| 04/14/2021 13:00 | 52.833 |jm0331| 30000/ 30000| 30000| 120000 103.6 73.6 63 63
34| Extra |06/07/2021 09:32:00 34| 06/06/2021 09:00 | 52.792 |jm0341| 40000/ 40000| 50000| 150000 141.4 102.4 63 63
35| Deorbit |07/30/2021 04:32:45|35| 07/29/2021 04:00 1.023 |jm0351| 50000 50000/ 50000| 200000 63 63
Total Data Return Capability (Gb), Orbits 1 + 3-33 = 3343 | 2382 | From Nav
Using spk_ref_180429_210731_180509.bsp (latest reference trajectory) after AJ12. The latest reconstructed trajetories are used for AJ12 and earlier. Data are for P] (perijove) unless stated otherwise.
PJ9 attitude is in the MWR Tilt direction, but truncated at 35 deg off-Sun (vs. 39.4 deg for MWR Tilt). PJ12 attitude is in the MWG-desired -30/+20 (az/el) direction, but truncated at 35 deg off-Sun (vs. 35.5 deg).

PJ16 attitude is in the MWG-desired -30/+20 (az/el) direction, but truncated at 35 deg off-Sun (vs. 35.5 deg). P]20 attitude is in the MWG-desired -30/+5 (az/el) direction (30.4 deg off-Sun, so no need for truncation). Future PJ attitudes are preliminary.
Cells are highlighted (shaded gray) to point out: before/after ~7 longitude shifts, non-prime shift, weekends, minima/maxima, >4.5 G mag field, opposition/conjunction, SPE < 3.059, Far EgX distance wrt Galilean satellite orbital ansae, 70-m down times.
MT = Mountain Time. PT = Pacific Time. DOY = day of year. DOW = day of week. OWLT = one-way light time. NON = negative orbit normal. NTON = negative tilted orbit normal. § = Sun, P = Probe, E = Earth, J = Jupiter in SPE, SEP, JPE, SJP.
XTk = crosstrack (Juno +Z aligned with Jupiter S pole then tilted 1.5 deg E and 10 deg N for MWR). EqQX = (outbound) equator crossing. Far EqX = inbound equator crossing. Altitudes are Jupiter-detic, and latitudes are Jupiter-centric. Rj = 71,492 km.
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Orbital data useful for science planning [8/8] JUNO

Juno Orbital Data P e (ER p { P OT™M Sub-Earth Sub-Earth Jupiter | Sub-Jupiter Sun
(180509 Reference Trajectory) » D A A Start Jupiter Jupiter RA wrt Earth Latitude
Perijove 3 evatic D° Rise De De wrt PJ Latitude (Sys III W Long| Earth (W Longitude|at Jupiter
#| Type | Time (UTC/SCET) JJ| (hh:mm) ) ) ) ) )
0 JOI 07/05/2016 02:47:32 03:25 04:16| 546.6 -1.6 134.6 169.1 156.4 -2.00
1 PJ1 08/27/2016 12:50:44 -07:28 - 06:58 0.6 -1.8 188.0 177.9 351.0 -2.16
2| Post-SM | 10/19/2016 18:10:54 00:37 00:54 2.6 ~6 days -2.2 68.6 188.4 113.0 -2.32
3| GRAV [12/11/2016 17:03:41 02:18 02:32 1.2 07:30 -2.7 76.5 197.6 139.2 -2.46
4| MWR |02/02/2017 12:57:09 01:15 01:38 0.3 3.8 07:30 -3.0 341.3] 201.9 125.3 -2.58
5|MWRTIlt[03/27/2017 08:51:52 00:46 01:22 1.8 07:30 -3.0 254.9 198.8 119.2 -2.70
6| GRAV |05/19/2017 06:00:47 01:46 02:27 2.8 1.1 07:30 -2.8 215.7 193.4 134.0 -2.80
7| MWR |07/11/2017 01:54:42 01:13 01:39 2.8 1.1 07:30 -2.6 124.5 194.0 123.9 -2.89
8| GRAV |09/01/2017 21:48:50 00:13 00:19 0.9 07:30 -2.6 26.8] 200.9 107.6 -2.97
9| MWRTilt| 10/24/2017 17:42:31 -01:02 -01:15 3.6 ~9 days -2.8 285.4| 211.2 87.7 -3.03
10| GRAV |12/16/2017 17:56:59 01:54 01:34 0.6 5.4 07:30 -3.1 341.4| 222.1 132.8 -3.07
11| GRAV (02/07/2018 13:51:30 00:40 00:25 3.4 3.4 07:30 -3.3 243.7| 229.8 115.8 -3.10
12[-30/+20|04/01/2018 09:45:43 - 00:05 - 00:07 2.0 3.8 07:30 -3.4 153.0f 230.3 105.8 -3.12
2|13| GRAV |05/24/2018 05:39:50 -00:21 -00:14 3.2 4.5 07:30 =59 68.7 224.4 102.4 -3.12
% 14| GRAV [07/16/2018 05:17:39 03:02 03:02 4.7 4.7 07:30 -3.1 116.8] 221.3 152.2 -3.10
o(15| GRAV |09/07/2018 01:11:57 02:13 01:54 2.0 5.1 07:30 -2.9 22.00 225.8 138.3 -3.07
‘:“ 16| -30/+20(10/29/2018 21:06:17 01:00 00:23 2.0 07:30 -2.9 282.0/ 235.8 118.9 -3.02
:; 17| GRAV ([12/21/2018 17:00:27 - 00:25 -01:11 1.5 12.2 07:30 =2.9 180.1 248.0 97.3 -2.96
g 18| GRAV [02/12/2019 17:34:16 02:48 02:07 0.3 0.0 07:30 -2.8 248.9| 258.8 147.2 -2.88
9 19|MWR XTk|04/06/2019 12:14:00 00:29 00:00 0.8 0.0 07:30 -2.8 109.0] 263.9 114.2 -2.78
vg 20| -30/+5 |05/29/2019 08:08:14 00:01 -00:17 1.7 4.3 07:30 -2.8 22.2| 260.3 108.4 -2.67
: 21| GRAV |07/21/2019 04:02:44 - 00:08 - 00:29 3.0 7.3 07:30 -2.7 298.0( 254.0 105.3 -2.55
0|22| GRAV |09/12/2019 03:40:47 03:00 02:27 1.9 56.2 07:30 -2.5 342.3| 254.8 151.2 -2.41
% 23| GRAV [11/03/2019 22:18:14 00:38 -00:10 0.0 0.0 07:30 -2.3 197.8] 2634 114.0 -2.25
'.' 24| GRAV |12/26/2019 17:35:57 -01:23 -02:17 8.6| ~AJ24-4d -2.1 74.0( 276.0 83.0 -2.08
i |25 GRAV [02/17/2020 17:51:42 01:27 00:42 3.6 11.2 07:30 -1.7 130.2| 288.6 126.5 -1.90
v 26/ GRAV |04/10/2020 13:47:11 00:09 -00:17 0.9 6.8 07:30 -1.4 32.5 297.5 108.6 -1.70
27| GRAV [06/02/2020 10:19:47 - 00:00 -00:14 0.4 6.3 07:30 -1.3 324.4| 298.8 107.5 -1.50
28| GRAV |07/25/2020 06:15:14 -00:14 - 00:29 3.1 5.8 07:30 =18 240.7( 292.7 104.5 -1.28
29| GRAV |09/16/2020 02:10:43 - 00:31 - 00:57 4.8 5.8 07:30 -1.3 154.8| 288.9 99.2 -1.05
30 GRAV [11/08/2020 01:49:34 02:22 01:46 0.4 5.3 07:30 -1.1 195.7| 294.0 141.2 -0.82
31| GRAV [12/30/2020 21:45:08 01:06 00:30 0.6 07:30 -0.8 95.9] 304.9 121.1 -0.58
32| GRAV |02/21/2021 17:40:27 - 00:19 - 00:44 4.5 9.3 07:30 -0.3 354.0f 317.6 99.4 -0.33
33| GRAV |04/15/2021 13:36:23 -01:43 -01:46 1.7 3.9 07:30 0.2 253.9| 328.4 79.6 -0.08
34| Extra |06/07/2021 09:32:00 -02:48 -02:32 19.2 0.7 158.6] 334.2 64.8 0.17
35| Deorbit | 07/30/2021 04:32:45 - 04:17 - 03:54 0.8 38.2| 332.3 43.9 0.43
From Nav
Using spk_ref_180429_210731_180509.bsp (latest reference trajectory) after AJ12. The latest reconstructed trajetories are used for AJ12 and earlier. Data are for P] (perijove) unless stated otherwise.
PJ9 attitude is in the MWR Tilt direction, but truncated at 35 deg off-Sun (vs. 39.4 deg for MWR Tilt). PJ12 attitude is in the MWG-desired -30/+20 (az/el) direction, but truncated at 35 deg off-Sun (vs. 35.5 deg).

PJ16 attitude is in the MWG-desired -30/+20 (az/el) direction, but truncated at 35 deg off-Sun (vs. 35.5 deg). P]20 attitude is in the MWG-desired -30/+5 (az/el) direction (30.4 deg off-Sun, so no need for truncation). Future PJ attitudes are preliminary.
Cells are highlighted (shaded gray) to point out: before/after ~7 longitude shifts, non-prime shift, weekends, minima/maxima, >4.5 G mag field, opposition/conjunction, SPE < 3.059, Far EgX distance wrt Galilean satellite orbital ansae, 70-m down times.
MT = Mountain Time. PT = Pacific Time. DOY = day of year. DOW = day of week. OWLT = one-way light time. NON = negative orbit normal. NTON = negative tilted orbit normal. § = Sun, P = Probe, E = Earth, J = Jupiter in SPE, SEP, JPE, SJP.
XTk = crosstrack (Juno +Z aligned with Jupiter S pole then tilted 1.5 deg E and 10 deg N for MWR). EqQX = (outbound) equator crossing. Far EqX = inbound equator crossing. Altitudes are Jupiter-detic, and latitudes are Jupiter-centric. Rj = 71,492 km.
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Great Red Spot predicts (tentative, @
based on recent Earth-based observations) [1/2] JUND

» From Orbital Data Useful for Science Planning — data on slide 20. See plot on next slide.

* More explanation of latest Great Red Spot predicts (bullets refer to data on slide 20):

— Altitude wrt Jupiter at -20 deg S assumes -20 deg S is Jupiter-centric latitude.

— Juno System IIT W longitude at -20 deg S latitude is now accurately calculated (I had
previously approximated it to be longitude at EqX + 6 deg, but that was too rough — I
now realize it can differ from longitude at EqX by +5 to +12 deg).

— GRS Sys III W longitude and uncertainty (o) are updated > PJ15 with a reference
position = 183.1 deg Sys III W longitude on 8/18/18 12:00 UTC, and drift rate = +9.5
=+ 0.4 deg per 30 days, based on latest info from John Rogers and the JUPOS amateur
community. He provided the reference position, and I averaged his estimates of ~9.0 to
10.0 deg per 30 days. (I previously used 9.9 &= 0.4 deg per 30 days.) Understandably,
he 1s reluctant to be more specific, but I wanted to provide predicts, albeit with caveats.

— Juno wrt GRS longitude is updated based on values in previous 2 columns (slide 20).

» PJ18 estimate is now Juno longitude wrt GRS ~ 13 deg, and PJ21 is now ~ 8 deg
(PJ18 was ~ 0 deg, PJ21 was ~ 8 deg) — Gravity Science still hopes to use these PJs.

» We swapped PJ23 longitude with PJ18 to get a more favorable GRS flyover opportunity at
PJ18 (mainly for Gravity Science), but it may turn out not so favorable after all. PJ18 S/C
longitude will be 252 deg W (at -20 deg S), but John Rogers (9/20-21) suggests a probable
range for GRS longitude is 234-243 deg W. The GRS is 15 deg long, so the implication is
we could be near the west end of the GRS, or we could be ~10 deg further west of it.
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Great Red Spot predicts (tentative,
based on recent Earth-based observations) [2/2]

e

JUNO

* GRS predicts (from Orbital Data Useful for Science Planning — see data on slide 20):

10/21/2018
Stuart Stephens

Juno and GRS Sys Ill W Longtude (deg)
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Activity Period Data (Juno time)

2017/07/11 01:54:51.0000 UTC
192000

0.
-52.

DOY (UTC)
PJ

Time wrt PJ (min)
Time wrt PJ+1 (days)

Jupiter Diameter
Jupiter-centric Latitude
Jupiter Sys III W Long

SPE

JPE

SJP

Attitude = MWR
Goldstone Elevation

Jupiter-detic Altitude

Juno Jovicentric Speed (km/s)
Jupiter Mag Dipole Latitude
Sun Range (AU)

Spin Axis to Sun

Spin Axis to Jupiter

Jup Near-Limb Spin Axis Angle
Jup Far-Limb Spin Axis Angle
Jup Near-Limb Spin Plane Angle
Jup Far-Limb Spin Plane Angle
JunoCam Jupiter Res (# pixels)
JunoCam Jupiter Res (km/pixel)
JIRAM Jupiter Res (# pixels)
JIRAM Jupiter Res (km/pixel)

’
’
’
’

r

r

r

145.
9.
49.

10.

65.

000

000
829

520

430
482

7117

49.424

For reference trajectory, PJ7 = 7/11/17, 01:54:51 UTC.

Work in progress ...

PJ7 animation of
Great Red Spot flyover

PJ7 Great Red Spot Animation - Explanation

EqX = 01:58:24 UTC. Animation time step = 31 sec, to show rotation of FOVs.
Straight white line on Jupiter = Juno spin plane. Curved white lines = spin plane +/- 29 deg (JunoCam FOV).

Viewpoint is ~1 km from spacecraft. The part of Jupiter that's visible corresonds to outer white circle in Cartesian view.

Dotted lines = to Sun, Earth, & Neg Orbit Normal.

Magenta-colored symbol = GRS (Great Red Spot predicted position).

Feedback is appreciated.

Jupiter Cartesian View (small)

Juno to Jupiter View, Velocity Up

South is up
Jupiter map uses
pre-PJ6 amateur

data, shifted by
positioning GRS

at 58 deg W

Animation starts
before equator
crossing and runs

[

~30 minutes in
31-second time
steps (to show
rotation of S/C
and FOVs)
GRS position
may still shift a
couple degrees

e This PJ7 animation was made before May 2017 Science Team Meeting (pre-PJ7)

10/21/2018
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PJ12 animation of
Great Red Spot near-flyover JUNO

Closest Approach Data

e This PJ12 animation (of GRS near-flyover) BRIV IBEIIERNERIDIIIRILLS

was made as we planned this off-Sun attitude, FNANEGIS.. £ ato700
L. Ti t PJ EqX (mi , -40.000

-30/+20 (az/el) limited to 35 deg off-Sun Attitude - 35 deg Off-sun, PJ12 1

) ) ) , Jup%ter—detic.Altitgde = .184
 Showing Jupiter at fixed range, with Juno’s et ; A3

velocity direction (south) up
* Main purpose was to show what we would Spln ke ve parel . 35.000 deg

see using the 35 deg off-Sun -30/+20 attitude: EieiEiossgismbi oo 879

Juno Local Time (hours)
Orbital Element: Inclination

— JunoCam FOV = white butterfly shape —Juna 16 Jupiter Vie
(what it sees during one spin), and spin
plane = red curve bisecting JunoCam FOV

— MWR FOVs (A1 ~22-deg & A3 ~12-deg
beamwidth) = long green shapes (horizon
to horizon) centered on JunoCam FOV

— Bold white curve = S/C ground track (red
spin plane curve roughly follows bold
white ground track near PJ or equator
crossing, which is what MWR intends)

« MWR does not appear to get good views of
the GRS, but JunoCam sees it at an angle
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Backup JUNG

» Nav summary of 180509 reference trajectory (6 pages)

» Terminology — Numbering for perijoves, apojoves, orbits, and sequences

 Solar conjunctions (including near AJ16 and PJ24)

 Perijove attitudes (more explanations, including 8 pages from Marty Brennan)

» Additional attitude (SPICE C-kernel) information

 Stacked linear timelines (info for all orbits on 1 page, 13 pages from Marty Brennan)
* Maneuver strategy

 Eclipse geometry and eclipse avoidance strategy

» Radiation accumulation vs. perijove (from Nav), and orbital radiation environment

10/21/2018 Pre-DPS Workshop — Juno High-Level Mission Planning Info
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Nav 180509 reference trajectory [1/6] a
Overview of current reference trajectory JUNO

 Previously released reference trajectory: 171109
— Based on OD241 v1 (post-OTM-09)
— Used de436 planetary ephemeris and jup310 satellite ephemeris
» New reference trajectory update: 180509 (spk ref 180429 210731 180509.bsp)
— On NALIF public server: https://naif.jpl.nasa.gov/pub/naif/JUNO/kernels/spk/
— Based on OD273 vl (post-APO-12)
— Swaps PJ18 and PJ23 longitudes to create GRS flyover opportunity at PJ18
* Total mission impulsive AV reduced by 0.9 m/s

— Uses de438 planetary ephemeris and jup310 satellite ephemeris

10/21/2018 Pre-DPS Workshop — Juno High-Level Mission Planning Info
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https://naif.jpl.nasa.gov/pub/naif/JUNO/kernels/spk/

Nav 180509 reference trajectory [2/6]
Summary HUNO

yro(t)%:tgffogzgriﬁe?%%ﬁ%gr Perijove and Equator Crossing Characteristics

13 24- - :40:59 163.39 3497.83 14.84 58.15 96.96 24-MAY-2018 05:46:38 29.32
14 16-JUL-2018 05:18:48 109.73 3500.00 15.70 58.16 97.68 16-JUL-2018 05:24:47 74.50
15 07-SEP-2018 01:13:06 63.65 3500.00 16.56 58.17 98.36 07-SEP-2018 01:19:25 344.50
16 20-0CT-2018 21:07:26 21.53 3500.00 17.39 58.18 99.01 20-0CT-2018 21:14:06 254.50
17 21-DEC-2018 17:01:36 20.21 5051.39 18.15 57.58 99.60 21-DEC-2018 17:08:47 164.50
18 12-FEB-2019 17:35:24 64.03 3500.00 18.95 58.20 100.08 12-FEB-2019 17:42:42 243.25
19 06-APR-2019 12:15:08 112.09 5296.38 19.67 57.51 100.53 06-APR-2019 12:23:01 108.25
20 29-MAY-2019 08:09:23 166.67 7240.42 20.34 56.79 100.85 20-MAY-2019 08:17:51 18.25
21 21-JUL-2019 04:03:53 137.05 7975.00 21.00 56.52 101.05 21-JUL-2019 04:12:46 288.25
22 12-SEP-2019 03:41:55 86.89 7975.00 21.66 56.54 101.09 12-SEP-2019 03:51:06 333.25
23 03-NOV-2019 22:19:23 42.73 3500.00 22.46 58.26 105.71 03-NOV-2019 22:28:17 198.25
24 26-DEC-2019 17:37:05 | 0.82 | 5035.92 22.93 57.66 105.62 26-DEC-2019 17:46:28 85.75
25 17-FEB-2020 17:52:51 41.34 4700.00 23.48 57.80 105.49 17-FEB-2020 18:02:23 153.25
26 10-APR-2020 13:48:20 35.68 3500.00 24.08 58.28 105.25 10-APR-2020 13:57:53 63.25
27 02-JUN-2020 10:20:55 135.66 3500.00 24.67 58.29 104.85 02-JUN-2020 10:30:41 355.75
28 25-JUL-2020 06:16:23 168.16 3500.00 25.29 58.30 104.39 25-JUL-2020 06:26:23 265.75
29 16-SEP-2020 02:11:52 113.74 3500.00 25.92 58.32 103.87 16-SEP-2020 02:22:06 175.75
30 08-NOV-2020 01:50:42 65.98 3500.00 26.58 58.33 103.24 08-NOV-2020 02:01:11 220.75
31 30-DEC-2020 21:46:16 22.88 3500.00 27.28 58.34 102.53 30-DEC-2020 21:57:00 130.75
32 21-FEB-2021 17:41:35 18.38 4884.12 27.98 57.81 101.63 21-FEB-2021 17:52:53 40.75
33 15-APR-2021 13:37:31 59.80 3500.00 28.76 58.37 100.76 15-APR-2021 13:48:47 310.75
34 07-JUN-2021 09:33:09 104.96 3500.00 29.55 58.38 99.86 07-JUN-2021 09:44:41 220.75
35 30-JUL-2021 04:33:54 157.41 700.00 30.46 60.16 98.95 30-JUL-2021 04:44:46 97.00
[ 1 SEP<5°
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Nav 180509 reference trajectory [3/6] a

Equator crossing longitude grid JUND

Swapped from
171109
reference

10825 o e575 +0
e 1stGrid (4) e 2nd Grid (4) e 3rd Grid (8) e 4th Grid (16)
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Stuart Stephens © 2018 California Institute of Technology. Government sponsorship acknowledged. 32



Nav 180509 reference trajectory [4/6]
Great Red Spot (GRS) longitude grid

sso e
@ -20 deg latitude crossing /’ o // :
GRS prediction / 5 N ®
300 e . """""""" C ,‘ """""" S e ]
. . . Ve . . .
° , ®
f : - @ /o : f :
= 20 S o T S *=—{ PJIS GRS flyover |
g : ? // opportunity Q :
~ X @ Ly . . X :
; ; ; ; e ; ;
B 200 - L P (EILELEEEEEREE P e P =
2 ¢ ' /' ' 5 o '
(@) : / (] ) :
5 f : / : f ® 5 :
— 150 @ s fomrrenes e SR SRR iy ]
- : 4 ; : ; . @ , ;
u L/ ; ;
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= : ,:./ : @ ! : 4 ;
100f @ e e S
: 7 P : : ;. '
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A G i § 7 s
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Perijove Number
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e

JUNO

Nav 180509 reference trajectory [5/6]
Goldstone coverage near perijoves

Orbit Number

10/21/2018

15

N
o

N
O)

30

35

Stuart Stephens

1
DSS25 2-Way Begin
PJ-3hr Data
PJ-2hr Data
PJ-1hr Data
PJ ERT Time
PJ+1hr Data
PJ+2hr Data
PJ+3hr Data
{ DSS25 15° Set

O
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o
i

-4 -3 -2 -1 O 1 2 3
Time wrt Max. Elevation at DSS25 (hours)
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Nav 180509 reference trajectory [6/6] a

L] L] L] L] JUND
Galilean satellite minimum ranges
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Terminology — Numbering for @
perijoves, apojoves, orbits, and sequences [1/2] JUND

 All perijoves (minimum range to Jupiter center) are numbered as follows:
— PJO = when Jupiter Orbit Insertion (JOI) put us into orbit on 7/4/16 (Pacific Time)
— PJ1 = 1st science perijove (8/27/16)
— PJ2 =nitially planned for Period Reduction Maneuver (PRM) on 10/19/16, but PRM
was canceled, then we had safe mode soon before which precluded most science at PJ2
— PJ3 = 2nd science perijove (12/11/16), PJ16 = 15th science perijove (10/29/18) ... etc.
» Each apojove (AJ, maximum range to Jupiter) is numbered according to the previous PJ:
— AJO was ~26.5 days after PJO, AJ16 will be ~26.5 days after PJ16 ... etc.
« Each “orbit” informally refers to the period from ~PJ-1d to the next ~PJ-1d:
— The 1dea i1s to include the main data collection and downlink periods around and after
perijoves — this corresponds to how we define our sequences (see below)
— Nav formally defines orbits as AJ to AJ, but we don’t usually use that for Juno
* We use 2 sequences (uplinked in advance for timed onboard commanding) during each
53-day orbit — in general, they are defined as follows (see next slide):
— jmOxx1 = 1st sequence, from ~PJ-1d to ~AJ-1d (~26.5 days), including perijove data
— jmOxx2 = 2nd sequence, from ~AJ-1d to ~PJ-1d (~26.5 days)
— XX = sequence 16, etc. — and -1d is interpreted as -24h truncated to the previous hour
— Note that prior to orbit 07, we used a different method with longer 1st sequences
— Some future ~AJ-1d sequence boundaries may be moved due to holidays

1072172018 Pre-DPS Workshop — Juno High-Level Mission Planning Info
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Terminology — Numbering for @

perijoves, apojoves, orbits, and sequences [2/2] JUNG
Relationship among Orbit, Sequences, and DSN scheduling template:
Orbit xx

PJxx AJXx PJxx+1
& Sequence jm0xx1 % Sequence jm0xx2 $

3 tracks/weekK ... \ %

oSN > N [} . il

e 8 F e% &  £F : |8

>05 5 O < & m oW S &

>SS = £ £ E|8

D'cC> © o © o | Z

O - a X a2

Orbits and sequences through PJ8 (different time scale):
Orbit 0 1 2 3 4 5 6 7 8...
PJAJO © © O & O & O & O & O o O 0 O 0

jmQ0... [*01] 02 | 03| 04 **05 06 | 31 |32| 41 42| 51 |52/ 61|62 |71 72| 81
(sequence) *Preceded by JOI critical sequence **Including pre-PJ2 safe mode
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Solar conjunctions @
(including near AJ16 and PJ24)

 Solar conjunctions occur every ~399 days (Jupiter-Earth synodic period), which happens
to be ~7.5 x 53-day orbit period, so conjunctions repeat near perijoves and apojoves:
— 09/26/2016 21:42, ~AJ1+4d (slide 50 shows 5 conjunctions throughout orbital mission)
— 10/26/2017 22:07, ~PJ9+2d
— 11/26/2018 13:14, ~AJ16+1d (upcoming — see plot with more times on slide 12)
— 12/27/2019 18:56, ~PJ24+1d
— 01/28/2021 19:25, ~AJ31+2.5d
* For conjunctions near apojove (including AJ16 and AJ31), we assume:
— No science downlink for SEP < 3 deg (easy, since no APO maneuvers in those orbits)
— Duration of each SEP < 3 deg period is ~7-8 days
» For conjunctions near perijove (PJ9 and PJ24), we assume:
— No science downlink for SEP < 3 deg
— Request increased DSN coverage after SEP > 3 deg

S Pre-DPS Workshop — Juno High-Level Mission Planning Info
Stuart Stephens © 2018 California Institute of Technology. Government sponsorship acknowledged. 38



Perijove attitude (old) explanations: GRAYV, a
MWR, MWR tilt, and (proposed) MWR cross-track JuNG

» PJ attitudes (GRAV, MWR, MWR tilt, and (proposed) MWR cross-track) are shown:

Microwave Radiometer MWR tilt + Note that during MWR or MWR tilt
Pass (MWR) aboutthe  attitudes near perijove, the Earth and

o gy ennas aligned @' Sun can actually be much further
Radiometer FOV A Jupiter-

oune  away fr.om 'Fhe spin axis (arrow f01j
; \\ Solar Arrays [ vector  HGA direction) than shown here (in

Cross-track rotates Earth (—14° is . .
T locloniss later Ol‘b.l'[S .When the orbit .enters the
parallel to the Jupiter N looking noon-midnight part of Jupiter’s
pole vector (with ~90° down on .
turns, and putting solar the arrow magnetosphere). This figure has not

arrays off-Sun, like main Jupiter,i.e.,  been updated for the longer mission.
engine burn attitude 2 the HGA
" MWR cross-track: \ Sun Jandspin e Similarly, during GRAV attitudes
HGA upandout  near perijove, the Jupiter nadir
Gravity Science " paper) direction can actually be much

Pass (GRAV)

further from the spin plan
HGA aligned with Earth urther away from the spin plane

than shown here (and in fact, Jupiter

nadir will be nearly opposite the

* Proposed MWR cross-track (XTk) attitude would  spin axis direction near PJ23 and
have spin axis pointed near Jupiter N or S pole. PJ24).

View from Jupiter North Pole
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Perijove attitudes — More explanations @
(from Marty Brennan) [1/8] JUND

N-Pole A" View from Jupiter Equator,
View-Point % % .
Vi Edge-on to Juno Orbit Plane

Introduction
I wvﬁoﬁh,e "

.
.s
.e
s
----
.
e
.s
.

.
LX]
a
L]
......
"
LE]
LX]
]

View from above Jupiter North Pole

Sun Direction = """ "%

Earth Direction ========- -
Juno Spin Axis

4
i Poing

A Equatorial Edge-On to ’ng
OO Orbit Plane View-Point
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Perijove attitudes — More explanations a

(from Marty Brennan) [2/8] JUND
\“/'i':;;’_'soint NN Equatorial View
GRAV Attitude Example % Edge-on to Orbit Plane
North Pole View ._E;r't’l;_'p'o'i;te q
AR
AL | \ "\

L \\\\\\\\
........... - O [\\ | /))//

B /
T\ =
Earth-poi
N ____Eit__riomted GRAV Attitude: Juno spin vector (HGA) to Earth
MWR Attitude: Juno spin vector aligned with orbit normal
Py MWR Tilt Attitude: Juno spin vector aligned with orbit normal, then tilted ~14 deg North
“ Equatorial Edge-On to MWR XTk Attitude: Juno spin vector aligned with Jupiter pole axis

OO Orbit Plane View-Point
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Perijove attitudes — More explanations @
(from Marty Brennan) [3/8] JUNO

N.Pole /A Equatorial View
]

MWR Attitude Example Vet 3 Edge-on to Orbit Plane

Aligned along

orbit normal \“__/E:
North Pole View \

' = GRAV Attitude: Juno spin vector (HGA) to Earth
\ Aliened alon MWR Attitude: Juno spin vector aligned with orbit normal
orlfit normalg MWR Tilt Attitude: Juno spin vector aligned with orbit normal, then tilted ~14 deg North

~ Equatorial Edge-On to MWR XTk Attitude: Juno spin vector aligned with Jupiter pole axis

KRR
OO Orbit Plane View-Point

Q
Q
D
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Perijove attitudes — More explanations @
(from Marty Brennan) [4/8] JUND

N.Pole /A Equatorial View
A\

MWR Tilt Attitude Example et §¥ Edge-on to Orbit Plane

Tilted 14 deg

> North from MWR
North Pole View

GRAV Attitude: Juno spin vector (HGA) to Earth

\{ Aligned along MWR Attitude: Juno spin vector aligned with orbit normal
‘4 orbit normal  MIWR Tilt Attitude: Juno spin vector aligned with orbit normal, then tilted ~14 deg North

A Equatorial Edge-Onto  with 14 deg tilt MWR XTk Attitude: Juno spin vector aligned with Jupiter pole axis
OO Orbit Plane View-Point
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Perijove attitudes — More explanations a

(from Marty Brennan) [5/8] JUNO
35 deg Sun Offset Attitude Example NPole B N Equatori(:;ll Q{ieslv
v -on to Orbit Plan
PJO9 MWR Tilt truncated to 35° Sun offset ge-on to ane

Tilted ~12.5 deg
> North from MWR

(untruncated Sun offset = 39.4°)

North Pole View

Truncated
> MWR Tilt GRAV Attitude: Juno spin vector (HGA) to Earth

attitude for MWR Attitude: Juno spin vector aligned with orbit normal
Py 35 deg Sun MWR Tilt Attitude: Juno spin vector aligned with orbit normal, then tilted ~14 deg North

i Equatorial Edge-On to offset MWR XTk Attitude: Juno spin vector aligned with Jupiter pole axis
OO Orbit Plane View-Point
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Perijove attitudes — More explanations a

(from Marty Brennan) [6/8] JUNG
\“/‘i~eF;;’_'§oint (:)@ Equatorial View
Proposed MWR Cross-track o i+ Edge-on to Orbit Plane
. Initially aligned
Attitude Example along Jupiter S. Pole
-
North Pole View Tilted 1.5 deg West-to-East
and then Tilted 10 deg South-
& i ~
S A to-North (~toward Sun)
A | \ "\ \\

i\
___________ o (@
)

7] ©

n//
) AN // 4

GRAV Attitude: Juno spin vector (HGA) to Earth

Initially aligned MWR Attitude: Juno spin vector aligned with orbit normal
Py along Jupiter S. Pole MWR Tilt Attitude: Juno spin vector aligned with orbit normal, then tilted ~14 deg North
“ ¥ Equatorial Edge-On to MWR XTk Attitude: Juno spin vector aligned with Jupiter pole axis

OO Orbit Plane View-Point
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Perijove attitudes — More explanations a

(from Marty Brennan) [7/8] JUNO
NI AN Equatorial View
-30/+20 Offset Attitude Example ¥ Edge-on to Orbit Plane

Truncated to 35° Offset from Sun

p — .
20° elevation offset
toward N. Pole

North Pole View

30° azimuth
offset from GRAV Attitude: Juno spin vector (HGA) to Earth

Sun, turning MWR Attitude: Juno spin vector aligned with orbit normal
« East-to-West MWR Tilt Attitude: Juno spin vector aligned with orbit normal, then tilted ~14 deg North

~“~ Equatorial Edge-On to MWR XTk Attitude: Juno spin vector aligned with Jupiter pole axis
OO Orbit Plane View-Point
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Perijove attitudes — More explanations a

(from Marty Brennan) [8/8] JUNO
NI AN Equatorial View
-30/+5 Offset Attitude Example ¥ Edge-on to Orbit Plane

(no truncation required)

A
North Pole View - 5° Elevation offset
toward N. Pole
e |\
& | i \\

30° azimuth
offset from GRAV Attitude: Juno spin vector (HGA) to Earth

Sun, turning MWR Attitude: Juno spin vector aligned with orbit normal
« East-to-West MWR Tilt Attitude: Juno spin vector aligned with orbit normal, then tilted ~14 deg North

~“~ Equatorial Edge-On to MWR XTk Attitude: Juno spin vector aligned with Jupiter pole axis
OO Orbit Plane View-Point
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Additional attitude (SPICE C-kernel) information <
(and relation to perijove attitudes) JUND

» C-kernel (CK) — a reference attitude profile useful for science planning — was generated by
Marty Brennan for the 180509 reference trajectory using these assumed perijove attitudes:
— *2 MWR (nadir) for PJ4, and PJ7 (*reference CK starts > PJ12, so use ops CKs earlier)
— *2 MWR tilted 14 deg for PJ5, and PJ9 (the latter limited to 35 deg off-Sun)
— 2 MWG -30/+20 (azimuth & elevation) for PJ12 and PJ16 (limited to 35 deg off-Sun)
— 1 MWG -30/+5 (azimuth & elevation) for PJ20
— 1 MWR cross-track proposed for PJ19 — spin axis parallel to Jupiter N pole (although
current proposal has spin axis to S pole tilted 1.5 deg E and 10 deg N — see CK below)
— And GRAYV (Earth-pointed for Gravity Science) for the other perijoves, including
PJ35 (if a deorbit burn 1s done near AJ34, it’ll use GRAYV attitude at PJ35 for downlink)
— See previous slides (including Marty Brennan’s) for more attitude explanations
— Otherwise, a constant Earth-pointed attitude is assumed outside of the PJ period
» C-kernels (plus comment/description files and sanity-check plots) are available at:
— Baseline CK: https://naif.jpl.nasa.gov/pub/naif/JUNO/misc/nomck 180710/
— PJ19 S-pointing CK: https://naif.jpl.nasa.gov/pub/naif/JUNO/misc/nomck 180827/
* PJ period is modeled from PJ-19h45m until first thruster firing for Orbit Trim Maneuver
at PJ+6h03m (GRAYV) or PJ+6h21m (MWR types), with a few exceptions:
— There is no OTM after PJ9 or PJ24 (due to solar conjunctions) or PJ34 (due to deorbit),
so the PJ period ends at PJ+6h for those cases before constant Earth-pointing resumes
— Proposed MWR cross-track PJ is modeled from PJ-1h to PJ+1h, due to off-Sun attitude
» Deorbit burn near AJ34 is modeled as vector-mode (instead of turn-burn-turn, due to a
smaller burn required to deorbit from 53-day trajectory), so it stays Earth-pointed
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Stacked linear timelines [1/13] A
(geometry and other info for each orbit or PJ) JUND

e Marty Brennan’s stacked linear timelines (with orbits or PJs orbits stacked vertically, and
geometry and other information plotted on each orbit or PJ row) (next 12 slides):

— Full 53d orbits (6 slides), including geometric milestones (PJ, AJ, EqX-Ascending),
SEP < 3 deg periods, solar conjunctions, maneuvers, sequence boundaries, weekdays
plus weekends and holidays, and Jupiter range in Rj on horizontal axis

— PJ=1d periods (6 slides), including geometric milestones (EqX-Ascending, PJ, EqX-
Descending, NPole-SPole intervals), OTM, SEP < 3 deg periods, sequence boundary,
weekdays plus weekends and holidays, PJ attitude intervals, and Jupiter range in Rj on
horizontal axis

— Baseline PJ attitude is listed to the left of each plot, and local time at inbound equator
crossings (EqX-Asc) is labeled in hours on full 53d plot

— Each set of 6 slides progressively adds DSN info (items can be toggled on or off):

* No DSN
* View periods only (very thin lines below information for each orbit)
» With ops SAFs (Station Allocation Files), showing actual tracks through orbit 16
— With prime and 2nd shifts (roughly 8 am to 5 pm and 4 pm to 1 am in Denver)
» With SAFs based on DSN template (orbits 4 through 34) in place of ops SAFs
— With prime and 2nd shifts

 For latest reference trajectory, attitudes, maneuvers, and conjunction timing
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Stacked linear timelines [2/13]
(geometry and other info for each orbit or PJ)

JUNO

* Marty Brennan’s stacked linear timelines — Full 53d orbits

[no DSN]

Jupiter Range (RJ)

N PNT AT NSRRI I IS NS G A SR P A S B ST
N L S I‘ LI W L L B ‘I & oo
PJO1 GRAV  1/4 ° | o = v A | @ | PJ02
PJ02 GRAV SM o s e ey o | @-|PJo3
PJ03 GRAV  2/4 — e » | @ RN | PJ04
PJ04 MWR  3/4 —_ 0 on | o °A | PJ05
PJO5 MWRT  4/4 . | o “ON | PJ06
PJ06 GRAV  1/4 1) sle =/ [ PJO7
PJO7 MWR  2/4 1) | = ) “'°38h | PJ08
PJ0B GRAV 3/4 | @ o | =e A '@~ Pi0o 5
PJ09 MWRT* 4/4 |+ o | B @ @ SN | $—PJ10 2 A
PJ10 GRAV g —_0 o |m @ o N | PI1 | v Eqx-Dec
PJ11 GRAV - ° | ° 2 @ {Py2 | 5 EqX-Asc
PJ12 -30/+20* ® | ® zzh%h | Prta | c(;w/llocai_time)
= onjunction
ity b i ° - B <l I =
° e ® & | @ PJI5 | e Npoe-SPole
PJ15 GRAV o | = @ A | PJ16 Safe-Mode &
PJ16 -30/+20* |- v o A P17 Recovery
PJ17 GRAV O o | m@ —_— 10 BN | @ PJ18 Il Seq-Boundary
PJ18 GRAV 1/16 o |= 15 A @-|ps1g | @ OTM
PJ19 MWRX 2/16 Q= ® %5 | PJ20 8 E\;g
PJ20 -30/+5 3/16 o | ® e ——— B PJ21 | @ BPO
PJ21 GRAV 4/16 om ) ZZ'ZN @ P22 | ® CPO
PJ22 GRAV 5/16 e} | ® @ o ?} —{PJ23 O ST™M
PJ23 GRAV 6/164 0 ~f-m ) U@ < PI24 Weekday
PJ24 GRAV 7/164 ) —|em ) “oh@- P25 Jreekend
PJ25 GRAV 8/164 e e @ o 25N @ PJ26 =
PJ26 GRAV 9/16 o | = (0] o — 22'813 PJ27
PJ27 GRAV 10/16 e | ® o o 24 PJ28
PJ28 GRAV 11/16 ) | m ) o = PJ29
PJ29 GRAV 12/16 o | m ® e 2@ PJ30
PJ30 GRAV 13/16 - ° | = ° o — - PJ31
PJ31 GRAV 14/16 |4 | v ® r PJ32
PJ32 GRAV 15/16 o [ E— o 2 PJ33
PJ33 GRAV 16/16 o |m @ ° — 2@ PJ34
PJ34 EXTRA — | oo ‘| —s | o - | | 120 — Pu35 (Deorbit)
15 ?0 . 25 . 30 35 40 45 50 * Attitude trunctated to 35 deg Off-Sun
Time with Respect to Perijove (days-SCET)
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Stacked linear timelines [3/13]
(geometry and other info for each orbit or PJ)

JUNO

* Marty Brennan’s stacked linear timelines — Full 53d orbits

Jupiter Range (RJ)

[adding
view periods,

- very thin lines

under
cach row]

PJ
AJ

4 > 480

I NPole-SPole

Il Seq-Boundary

(OX X YoNoX J

EgX-Dec
EgX-Asc

(w/ local time)
Conjunction
SEP<3deg

Safe-Mode &
Recovery
Goldstone VP
Canberra VP
Madrid VP

OoT™
BTM
APO
BPO
CPO
ST™M
Weekday
Weekend
Holiday

PJ35 (Deorbit)

D DO MH OO DN HMHH DN NADOSO
DO DD QO DN VY DOINOLOXOINN VIV VIV NN OLDOLPP 0N VD YVO DD DD O
P FIVESFINRY ISP FF LTS TOT T DD LTS TS TEFE Y@ E VAL @Y E PSS WP
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PJ03 GRAV  2/4 |- @ o - ' s f-—o A | @ PJo4
PJO4 MWR  3/4 |- @ o o on | o - %46 | @ PJo5
PJO5 MWRT 4/4 |- @ o 5 | %) RN | @-|PJos
4.3h {
PJ06 GRAV /4 | @ o ) = e A | @ PJo7
T 4.0 i
PJO7 MWR  2/4 |- @ o o | = ) A | @ PJos
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i 2.9h,
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I 2.7h
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2.4h -
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2.1h B
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PJ15 GRAV B o e ) A @ PJ16
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i 1.3h E
PJ17 GRAV [ — o= 1) | m@ —_ o A @ PJ18
PJ18 GRAV 1/16 |- @ o o |= ° A @ PJ19
0.8h 3
PJ19 MWRX 2/16 |- @ [®) ¢ m ) Al & PJ20
PJ20 -30+5 3/16 -@ o) o | m ) ——— “A| @— PJ21
0.22 :
PJ21 GRAV 4/16 |-@ o on @ rl @ Pu22
PJ22 GRAV 5/16 |- o o) | ® ® o) % @ P23
23.6 1
PJ23 GRAV 6/164- @ o) 0 —i-=m ) @ 5 PJ24
PJ24 GRAV 7/16 v ; 5) - em o PJ25
PJ25 GRAV 8/16 o o e @ o PJ26
PJ26 GRAV 9/16 @ o 1) | m ) o PJ27
PJ27 GRAV 10/16 @ o 5 | m o ) PJ28
PJ28 GRAV 11/16 |5 @ o 5 [ = ) 5) PJ29
PJ29 GRAV 12/16 o ) [ = e ) PJ30
PJ30 GRAV 13/16 [p@® o —— %) | '® ) o —— PJ31
PJ31 GRAV 14/16 jAG@— o [8 @ S} PJ32
PJ32 GRAV 15/16 |AG@ o o) [ @ o PJ33
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Stacked linear timelines [4/13]

(geometry and other info for each orbit or PJ)

JUNO

* Marty Brennan’s stacked linear timelines — Full 53d orbits

Jupiter Range (RJ)

[adding

ops SAFs,
with actual

tracks

requested]

4 > 480

0®®@00

PJ
AJ
EgX-Dec
EqgX-Asc
(w/ local time)
Conjunction
SEP<3deg
NPole-SPole
Safe-Mode &
Recovery
Goldstone VP
Canberra VP
Madrid VP
Goldstone
Canberra
Madrid
Seq-Boundary
OTM
BTM
APO
BPO
CPO
STM
Weekday
Weekend
Holiday

PJ35 (Deorbit)

* Attitude trunctated to 35 deg Off-Sun
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Stacked linear timelines [5/13]

(geometry and other info for each orbit or PJ)

JUNO

* Marty Brennan’s stacked linear timelines — Full 53d orbits

Jupiter Range (RJ)

[adding
prime and
2nd shifts to
ops SAFs]

4 > 4mQ
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Holiday
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Stacked linear timelines [6/13]

(geometry and other info for each orbit or PJ)

JUNO

* Marty Brennan’s stacked linear timelines — Full 53d orbits

Jupiter Range (R )

[adding SAFs
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PJ29 GRAV 12/16 |> G Tl %) | = @ o ] @-| PJ30
PJ30 GRAV 13/16 p@ o - r@ [@— @ o - @ PJ31
PJ31 GRAV 14/16 |A@rere 1 o . e Fo) | PJ32
PJ32 GRAV 15/16 }p@ 0 o] | = o e} | PJ33
PJ33 GRAV 16/16 |AG® w0 @r—w o B | @ o - PJ34
PUS4 EXTRA  — [ag ‘ o | ‘ ‘ 0. ‘| 5 -0‘ "0 ‘ ‘ ‘ PJ35 (Deorbit)
0 5 10 15 ?0 . 25 . 30 35 40 45 50 * Attitude trunctated to 35 deg Off-Sun
Time with Respect to Perijove (days-SCET)
10/21/2018

Stuart Stephens

Pre-DPS Workshop — Juno High-Level Mission Planning Info
© 2018 California Institute of Technology. Government sponsorship acknowledged.
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Stacked linear timelines [7/13]
(geometry and other info for each orbit or PJ) JUND

* Marty Brennan’s stacked linear timelines — Full 53d orbits
Jupiter Range (R ) [addlng

D DO MH OO DN HMHH DN NADOSO
A R AT AF SISO SR SR PR A R R X prime and
I I
00 400 B ' T I‘ T |.\ I T T T T T T T ‘o‘ I‘ T ‘o‘ RNy |57L T T T T T T T T ‘I‘@LPJM 2nd Shlfts to
PJO1 GRAV  1/4 | @ - ° [Foim v ik = o [ g P02
PJ02 GRAV  SM Pg IR ) e} L] ) 2 ') O | @— PJ03 DSN template
PJ03 GRAV  2/4 |- @ = o - - - = [ =0 1A /| €@ PJo4 SAFS]
PJOAMWR  3/4 @ ms = o b O - e on | i) + 4] @ PJ0s
PJO5 MWRT 4/4 |-G ' 5 i o o 0 O . . . | ' Qu . N . Ol @ PJ06 [ By
PJ06 GRAV 14 |-@ho & & u w O ~ ) 0l @ 4‘3-%0- wul @ P07 | ® A
PJOT MWR  2/4 |-G ry @ @ | ® ) A | @ PJ08 | Vv EgX-Dec
PJO8 GRAV  3/4 |- @ u v On o | @@ ' vl @=lPjog | a EGX-Asc
PJO9 MWRT* 4/4 | @)a tavt | & 10 1o |+ ™ 0 [ o )Y | @{put0 | é‘gﬁ'ﬁﬁilgn’“e)
PJ10GRAV 115 |- @ w O - o i = -® 4O % | @ PJ11 SEP<3deg
PJ11 GRAV o o - & v m o A v @ ipu12 | JINPole-SPole
PJ12 -30/+20% 3/5 |- &n w fa b i o} o [ - me A ] @ P13 Safe-Mode &
PJ13 GRAV |G - O . 5y [ ® = . . . 22‘:“% | @ PJ14 Recovery
PJ14 GRAV F® * y® o | @ ® 2% 3l @ P15 Soldstone VP
i 1.8n T anberra VP
PJ15 GRAV ‘|—¢ wiy (e} o | &-@ . | @-{PJ6 Madrid VP
PJ16 -30/+20* lH) D el 1 o Choy| @ PU17 Goldstone
PJ17 GRAV [~ —— @i =0 | ‘m@ - o 13hA | k} PJ18 Canberra
PJ18 GRAV 1/16 ‘Hj i 1 O o iii-ha ® L] @ P19 Madrid
0.80 1 -Seq -Boundary
PJ19 MWRX 2/16 |- @ ' ' o) 1 G m " @ | @ PJ20 oTM
PJ20 -30%+5 3/16 |-G % a b o a4 O ) {®iwe e 2R PJ21 | © BIM
PJ21 GRAV 4/16 |- . @ Ou @ - “) @{Ps2 | © APO
PJ22 GRAV 5/16 |- @ s+ & & o o e L) # i@ %% @-|ps2s | ® BPO
23.6m @ CPO
PJ23 GRAV 6/164- & PO @ 1 —f=m L@ w \_,-lwé_psv PI24 | o STm
PJ24 GRAV 7/16 46w = | - o - o : PJ25 Ty
PJ25 GRAV 8/16 4@ « o @ | & me@ o PJ26 Weekend
PJ26 GRAV 9/16 { @ s " On . ®s [@ s 0. - PJ27 Holiday
PJ27 GRAV 10/16 [N @ “x = s #2 = =2 O . 0 -8 & i Ga— ' @ PJ28 [PAliD Sfifit
PJ28 GRAV 11/16 @ = 1 i i i @ —_ {[(& ~we 5 3 PJ29 Second Shift
PJ29 GRAV12/16‘|ﬁ@ S e 0] | m ) o PJ30
PJ30 GRAV 13/16 p@ o —— @ [ ——— o o= PJ31
PJ31 GRAV 14/16 [AG@rewe 1 | o - PR Y Fe) - PJ32
PJ32 GRAV 15/16 p@ =@ o | = (5] e} | PJ33
PJ33 GRAV 16/16 JAGx = o) Or=w 5 W =G o - PJ34
PJ34 EXTRA - : ‘ o | ‘ % 5 e | [ @ - o‘ o) ‘ ‘ ‘ PJ35 (Deorbit)
0 5 10 15 ?0 . 25 . 30 35 40 45 50 * Attitude trunctated to 35 deg Off-Sun
Time with Respect to Perijove (days-SCET)
10/21/2018 Pre-DPS Workshop — Juno High-Level Mission Planning Info
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Stacked linear timelines [8/13]
(geometry and other info for each orbit or PJ) JUND

e Marty Brennan’s stacked linear timelines — PJ = 1d periods

[no DSN]

Jupiter Range (RJ)

BN I RSSO RPN O RSSO SRR ST
I L | L e L | L 2 2 e e L | e L m A
PJ00 JOI — —02.7°
PJO1GRAV  1/4 | =@ 5 = 03.8°
PJ02 GRAV  SM - ' @56 ' —04.7°
PJO3 GRAV  2/4 =] XD ] —05.6°
PJO4 MWR  3/4 | - @765 ° —06.6°
PJO5 MWRT  4/4 =] @5 .- ] —07.5°
PJOB GRAV  1/4 1 | ' @7 L ~08.5°
PJO7 MWR  2/4 = | ' . ° —09.5°
PJO8 GRAV  3/4 — | ' @51 00 ® =10.4° O PJ
PJ09 MWRT* 4/4 — | ' @ ' —11.3° A
PJ10 GRAV = @01 ° —12.2° v E(evfﬁefon)
PJ11 GRAV = ' @55 ) —13.1° & Eqx-Asc
PJ12 -30/+20* o @75, ° —13.9° v Conjunction
PJ13 GRAV = - @55 ° —{14.8° SEP<3deg
PJ14 GRAV — (C ] —15.7° PJ Attitude
PJ15 GRAV o C @ys ° = 16.6° g‘:f‘;'iﬁzz'z
PJ16 -30/+20* 7/8 f=| o5 ° —{17.4° Recovery
PJ17 GRAV = ' (C ° =18.1° I Scq-Boundary
PJ18 GRAV 1/16 - | ' @5 o —18.9° @ OTM
PJ19 MWRX 2/16 |- | ‘@7 ® =19.7° O BTM
PJ20 -30/45 3116 - | - - ® —120.3° o Bho
PJ21 GRAV 4/16 = ‘@ ° —21.0° @ CPO
PJ22 GRAV 5/16 [~ | ! = o —21.7° o ST™
PJ23 GRAV 6/16 -] = ° —{225° Weekday
PJ24 GRAV  7/16 it (C v - 22.9° Weekend
PJ25 GRAV 8/16 = |—a = ) —235° Holiday
PJ26 GRAV 9/16 (- | A ' — ° ~{24.1°
PJ27 GRAV 10/16 — | N ' oo e —24.7°
PJ28 GRAV 11/16 = | A = ® =25.3°
PJ29 GRAV 12/16 = | a ' p—— ° —{25.9°
PJ30 GRAV 13/16 = A 5500 ] —26.6°
PJ31 GRAV 14/16 (- | - A e ® : : s} 27.3°
PJ32 GRAV 15/16 (=] a L oy ° —28.0°
PJ33 GRAV 16/16 - | A @0 ° —{28.8°
PJ34 EXTRA = ‘ ‘ ‘A ‘ ?m_e, ‘ ] | | | L 29.5°
I 1 I L I 1 P L I L
-1 08 0.6 04 . —Ol.2 0 R 0.2 0.4 0.6 0.8 1 * Attitude trunctated to 35 deg Off-Sun
Time with Respect to Perijove (days-SCET)
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Stacked linear timelines [9/13]
(geometry and other info for each orbit or PJ) JUND

e Marty Brennan’s stacked linear timelines — PJ = 1d periods

[adding

Jupiter Range (R )

S R S A IR R R R N S S Y AT view periods,
‘ — — : : o T — — ‘ : T T — PJ Lat
P00 JO! B 7\ T I T T T IrTTr T T T TITT T T T 1 TTTTI \%LE\S#L L I L A O A B | \’ T \702'70 Very thln llnes
PJO1 GRAV  1/4 | “ @poo.5- ~03.8° d
PJ02 GRAV  SM [~ ' @06 ' —04.7° unacr
PJ03 GRAV  2/4 =] = ° —05.6° h ]
PJO4 MWR  3/4 | , (s ° —06.6° cach row
PJO5 MWRT  4/4 =] @5 .- e —07.5°
PJOB GRAV  1/41 | @5 ® = 08.5°
PJO7 MWR  2/4 = | = e —{09.5° O P
PJO8 GRAV  3/4 | | = ) - 10.4° mA
PJO9 MWRT* 4/4 — | ' @z - v —11.3° y EoX-Dec
2317 (w/ W. Lon)
PJ10 GRAV | @555+ ® =12.2° A EqX-Asc
PJ11 GRAV S @005 () —13.1° v Conjunction
PJ12 -30/+20* 3/ = | @56 U -{13.9° SEP<3deg
PJ13 GRAV o I ° —14.8° ,‘:.Ja g‘:‘gg‘zle
PJ14 GRAV — (C () —15.7° Safe-Mode &
PJ15 GRAV — @57 [} = 16.6° Recovery
PJ16 -30/+20* 7/3 = | @ [ —17.4° Goldstone VP
PJ17 GRAV - | (e ® —18.1° EAZZ?ST?PVP
PJ18 GRAV 1/16 - | (O ® — 18.90 -Seq “Boundary
PJ19 MWRX 2/16 |- | C e °® =19.7 O™
PJ20 -30+5 3116 — | @gip [ —20.3° o BTM
PJ21 GRAV 4/16 = | @ L —121.0° © APO
PJ22 GRAV 516 | - (N ) —21.7° : (B:';g
PJ23 GRAV 6/16 A | @ygane () —225° o ST™
PJ24 GRAV 7/16 =i . v 22,9 Weekday
PJ25 GRAV 8/16 = |4 @ @ —23.5° Weekend
PJ26 GRAV 9/16 — | A ' (O ® =24.1° Holiday
PJ27 GRAV 10/16 - | A ' (C. ® —24.7°
PJ28 GRAV 11/16 = | A @57 ® = 25.3°
PJ29 GRAV 12/16 {~ | N @ °® —{25.9°
PJ30 GRAV 13/16 [—| IN @0 °® —26.6°
PJ31 GRAV 14/16 - | ’ a S @ ~27.3°
PJ32 GRAV 15/16 = | A vy () —28.0°
PJ33 GRAV 16/16 - | A @507 e —28.8°
PJ34 EXTRA  — = | A @05 ® —29.5°
| L - I j— L R PR M ! I
-1 0.8 0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1 * Attitude trunctated to 35 deg Off-Sun
Time with Respect to Perijove (days-SCET)
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Stacked linear timelines [10/13]
(geometry and other info for each orbit or PJ) JUND

e Marty Brennan’s stacked linear timelines — PJ = 1d periods

[adding
T S LT 22 ops SAFS,

Jupiter Range (R )

NI TSR SR GRORONRRVASKOINA AN P N AN SO S IS KRS GRS O G ORISR
; e — ‘ ‘ — e e — ; ; — e — PJ Lat :
‘ T T 1T T1 17T m T ™ T TTr T T W TITT T T I TTTTT l T T I T 1m T TT1r T T I IrTr T T 1 TTT T T T 1T h 1
PJOOJOI - ‘% — = 02.7° with actua
PJO1 GRAV  1/4 jw : % - Be———] 03.8° k
PJ02 GRAV SM L ' - — e = 04.7° trac S
PJO3 GRAV  2/4 I - o = ~ 05.6° reque Sted]
PJO4 MWR  3/4 - | ' ) = = 06.6° q
PJO5 MWRT  4/4 =] ) - ' —07.5°
[
PJ06 GRAV  1/4 | | . o - — = 08.5° 9 2j
|
PJO7 MWR  2/4 = | ' e = ' —09.5° EqX-Dec
PJO8 GRAV  3/4 - | ) = 10.4° Y w/ W. Lon)
PJO9 MWRT* 4/4 — | ' —11.3° A EqX-Asc
PJ10 GRAV = | Y - = = 12.2° v ggrguggﬁon
" ¥ | ° <3deg
PJ11 GRAV 28] | e 13.10 R AT
PJ12 -30/+20 ] = e — =139 NPole-SPole
PJ13 GRAV — ' ) ' —14.8° Safe-Mode &
PJ14 GRAV  — — ] : =15.7° Recovery
PJ15 GRAV | ! ® = 16.6° goldbstonev\;P
* - | o anberra
PJ16 -30/+20 | ) 17A4° T
PJ17 GRAV | ' ) —18.1 Goldstone
PJ18 GRAV 1/16 — | ' o J —18.9° Canberra
PJ19 MWRX 2/16 - | ® =19.7° Madrid
PJ20 -30+5 3116~ | : ® —20.3° -g‘ﬁw‘%“"da’y
PJ21 GRAV 4/16 || ) —21.0° o BTM
PJ22 GRAV 5/16 | | ' ® —21.7° © APO
PJ23 GRAV 6/16 FA~~| e —22.5° @ BPO
PJ24 GRAV 7/16 | v —22.9° @ CPO
PJ25 GRAV 8/16 = |4 ° —235° © ﬁvz"é'k -
PJ26 GRAV 9/16 — | N ' e ~24.1° Weekend
PJ27 GRAV 10/16 — | A ' ® —24.7° Holiday
PJ28 GRAV 11/16 |- | A ) ~25.3°
PJ29 GRAV 12/16 |~ | N ' ® —25.9°
PJ30 GRAV 13/16 || N ® —26.6°
PJ31 GRAV 14/16 - | - A ® ~ 27.3°
PJ32 GRAV 15/16 [=| A ® —28.0°
PJ33 GRAV 16/16 — | A ; e —28.8°
PJ34 EXTRA - I T e —29.5°
— 1 [ [—" = i— =y [ —— T \ \
-1 08 0.6 04 . —Ol.2 0 R 0.2 0.4 0.6 0.8 1 * Attitude trunctated to 35 deg Off-Sun
Time with Respect to Perijove (days-SCET)
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Stacked linear timelines [11/13]

(geometry and other info for each orbit or PJ)

e Marty Brennan’s stacked linear timelines — PJ = 1d periods

PJ00 JOI -
PJO1 GRAV  1/4
PJ02 GRAV SM
PJO3 GRAV  2/4
PJ04 MWR  3/4
PJO5 MWRT  4/4
PJ06 GRAV  1/4
PJO7 MWR  2/4
PJ08 GRAV  3/4
PJ09 MWRT* 4/4
PJ10 GRAV

PJ11 GRAV

PJ12 -30/+20*
PJ13 GRAV

PJ14 GRAV

PJ15 GRAV

PJ16 -30/+20*
PJ17 GRAV

PJ18 GRAV 1/16
PJ19 MWRX 2/16
PJ20 -30/+5 3/16
PJ21 GRAV
PJ22 GRAV
PJ23 GRAV
PJ24 GRAV
PJ25 GRAV
PJ26 GRAV 9/16
PJ27 GRAV 10/16
PJ28 GRAV 11/16
PJ29 GRAV 12/16
PJ30 GRAV 13/16
PJ31 GRAV 14/16
PJ32 GRAV 15/16
PJ33 GRAV 16/16
PJ34 EXTRA -

5/16
6/16
716

10/21/2018
Stuart Stephens

4/16 =

8/16 =

Jupiter Range (RJ)

o D QO O D
DDA Wy AN 0 Wl o A

VNN LN D000 N
\

c-33.3°

Wang e

76 50
\W1gg 80
W00

¥51.9°

¥321.9°

|

~n
2
&
&
o000 0O0OGOOOOOSS

&

&

b4
000000000

1 P e E——

-0.4 -0.2 0 0.2

. 0.4
Time with Respect to Perijove (days-SCET)

Pre-DPS Workshop — Juno High-Level Mission Planning Info
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PJ Lat
02.7°
03.8°
04.7°
05.6°
06.6°
07.5°
08.5°
09.5°
10.4°
11.3°
12.2°
13.1°
13.9°
14.8°
15.7°
16.6°
17.4°
18.1°
18.9°
19.7°
20.3°
21.0°
21.7°
22.5°
22.9°
23.5°
24.1°
24.7°
25.3°
25.9°
26.6°
27.3°
28.0°
28.8°
29.5°

JUNO

[adding
prime and
2nd shifts to
ops SAFs]

PJ
AJ
EqgX-Dec

(w/ W. Lon)
EgX-Asc
Conjunction
SEP<3deg
PJ Attitude
NPole-SPole
Safe-Mode &

Recovery
Goldstone VP
Canberra VP
Madrid VP
Goldstone
Canberra
Madrid
Il Seq-Boundary
@ OTM
BTM
APO
BPO
CPO
STM
Weekday
Weekend
Holiday
Prime Shift
Second Shift

4> <4 BO

0®@®@00

* Attitude trunctated to 35 deg Off-Sun
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Stacked linear timelines [12/13]

e Marty Brennan’s stacked linear timelines — PJ = 1d periods

Jupiter Range (R )

(geometry and other info for each orbit or PJ)

~N

A TSR AR RO RRASKSN AN INPINAI ROPC I N IA PR URR K R ROR SOR S N S AN

‘\‘I L TTTTTT T T T TIT T T T T H\‘\‘\'\l\‘l‘\‘\\\ I W T1°TTT T T I TITT' T T 1 I°TT'T T T T 1T
PJ00 JOI — | S &
PJO1 GRAV  1/4 k I - @poss
PJ02 GRAV  SM | - Wass g0 L = =
PJO3 GRAV  2/4 =] 0 = =
PJO4 MWR  3/4 - | ; O ) ' =
PJO5 MWRT  4/4 =] O ) ' =
PJ06 GRAV  1/4 | | ' @is0 °® — =
PJO7 MWR  2/4 :r [ b @pas ° ' -
PJ08 GRAV  3/4 | | @51 oo — =
PJ09 MWRT* 4/4 & | S, ' -
PJ10 GRAV o | N ° -
PJ11 GRAV ; | ' @0 ° ' =
PJ12 -30/+20% 3/8 | e — -
PJ13 GRAV et | ' @z ° ' -
PJ14 GRAV | o ° v =
PJ15 GRAV o | " ®aus ® -
PJ16 -30/+20* :r | CR ® -
PJ17 GRAV ! | @ @ =
PJ18 GRAV 1/16 | @, e =
PJ19 MWRX 2/16 [ | @i PS S —— =
PJ20 -30/+5 3/161 | - @iz ° ' -
PJ21 GRAV 4/16 | Ty m————0 —_— =
PJ22 GRAV 5/16 | ' @2 [ - =
PJ23 GRAV 6/16 [ | S e =
PJ24 GRAV 7/16 | S o vV
PJ25 GRAV 8/16 [ | ST ) -
PJ26 GRAV 9/16} | A 1 @5 (] — =
PJ27 GRAV 10/16 | | A ' e [ : -
PJ28 GRAV 11/16 | a S — —_— =
PJ29 GRAV 12/16 = | a v @irss ® ' =
PJ30 GRAV 13/16 | == | S5 ° .
PJ31 GRAV 14/16 | | A S5 ®
PJ32 GRAV 15/16 :r | A Fppp = @ -
PJ33 GRAV 16/16 s | A @307 e ' -
PJ34 EXTRA - A @0s (] . -

=] \ [ = = =i L e \ \
-1 0.8 0.6 0.4 0.2 0 0.2 0.4 06 08 1
Time with Respect to Perijove (days-SCET)

10/21/2018
Stuart Stephens

Pre-DPS Workshop — Juno High-Level Mission Planning Info
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JUNO

[adding SAFs
based on our

PJ Lat
*  DSN template

02.7
03.8° b
e >PJ4 instead
056 of ops SAFs]
06.6°
07.5°
08.5° @) /l:j
09.5° y Eax-Dec
10.4° (w/ W. Lon)
11.3° A EqX-Asc
12.2° v Conjunction
13.1° SEP<3deg

P PJ Attitude
13.9 NPole-SPole
14.8° Safe-Mode &
15.7° Recovery
16.6° Goldstone VP
17.4° Canberra VP

o Madrid VP
18.1 Goldstone
18.9° Canberra
19.7° Madrid
20.3° -gc_art?wBoundary
21.0° O BTM
217 © APO
22.5° @ BPO
ool o sm
23'50 Weekday
241 Weekend
24.7° Holiday
25.3°
25.9°
26.6°
27.3°
28.0°
28.8°
29.5°

* Attitude trunctated to 35 deg Off-Sun
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Stacked linear timelines [13/13]
(geometry and other info for each orbit or PJ)

JUNO

e Marty Brennan’s stacked linear timelines — PJ = 1d periods

[adding
prime and

Jupiter Range (R )

© v NN oA

PPN IS RO SIS SRR R S AN A NI AN RO P NP RS AN R R CESISESENE

L B L L L s At e A e L 2 e 0 o o L R d
PJ00 JOI — — — =027 2n Shlfts to
PJO1 GRAV  1/4 s —@pr— 03.8°
PJ02 GRAV  SM ‘ : e e T 04 DSN temp late
PJ03 GRAV  2/4 I — e egg— @ - S 05.6° S AFS]
PJO4 MWR  3/4 — | = : o ———= o 066°
PJ05 MWRT  4/4 fe] L e cm— ~{07.5° O P
PJ06 GRAV /4 | | ' @ o= @ 08.5° A D
PJO7 MWR  2/4 [+ | — = T ° - ~{09.5° v WW Lon)
PJ08 GRAV  3/4 || ' ‘ | @ g ° 10.4° A EqX-Asc
PJ09 MWRT* 4/4 & | ' . L ' 11.3° v Conjunction
PJ10 GRAV 18 [~ | e = ® 12.2° gfi:t?;dzg
PJ11GRAV  2/8 | ' Bz @ s REA e
PJ12 -30/+20% 3/5 | + 3 ———— —13.9° Safe-Mode &
PJ13GRAV  4/3 | = — ' Sy =~ ® —14.8° Recovery
PJ14 GRAV  5/8 | 6071!5,—0— @ —— =15.7° Goldstone VP
PJI5GRAV 6/ | E—— = ® : 16.6° ﬁazb%fspvp
PJ16 -30/+20% 7/ ] T . | 7.4 Goldstone
PJ17GRAV 8/5 (| : T @ = 1@ 18.1° o —
PJ18 GRAV 1/16 | : T @ e——— —— L e Madrid
PJ19 MWRX 2/16 | . R g @ 19.7° Il Seq-Boundary
PJ20 -30/+5 3116 | — = ' G ™ —— e ~20.3° 8 gm
PJ21 GRAV 4/16 = Fapae o : —21.0° © APO
PJ22 GRAV 5/16 | = ; . J — v 217 @ BPO
PJ23 GRAV 6/16 I —. - @ —{225° @® CPO
PJ24 GRAV 7/16 s —_— —— — G 22.9° o aTMkd
PJ25 GRAV 8/16 | A S ) : 23.5° Weokong
PJ26 GRAV 9/16 | a ' @pgzpr @ — 24.1° mm Holicay
PJ27 GRAV 10/16 || 4 D ' Sussge @ —24.7° Prime Shift
PJ28 GRAV 11/16 | | a | Tt e 25.3° Second Shift
PJ29 GRAV 12/16 [+ | A v ’175.s° ——— S E—— —{25.9°
PJ30 GRAV 13/16 | #+] N — S e ={26.6°
PJ31 GRAV 14/16 |~ | A ‘ S ® 27.3°
PJ32 GRAV 15/16 [ A e @ —— ® . 28.0°
PJ33 GRAV 16/16 s | a Gagye T @ 28.8°
PJ34 EXTRA - *—h‘ | ‘ & | ?ma. -——0‘ ; ‘ — 29.5°

I L L L ! I L L L L L L L L L I L ! [ L

-1 0.8 06 0.4 0.2 0 0.2 0.4 0.6 0.8 1 * Attitude trunctated to 35 deg Off-Sun
Time with Respect to Perijove (days-SCET)
10/21/2018 Pre-DPS Workshop — Juno High-Level Mission Planning Info
Stuart Stephens © 2018 California Institute of Technology. Government sponsorship acknowledged. 61



e

Maneuver strategy JUNO

* OTM = Orbit Trim Maneuver
— Required for all orbits to target longitude/timing of next perijove
— As arule, these start at PJ+7.5h (to avoid perijove data collection)
— Exceptions due to solar conjunction: OTM-09 was at PJ+9d and OTM-24 is skipped
« BTM = Backup OTM
— Contingency, in case OTM i1s missed, €.g., due to safe mode
— Roughly PJ+7d, but depends on development, uplink, and execution schedules
 APO = Apojove OTM
— Required in most 53-day orbits to keep PJ altitude < 8000 km, and alter orbit plane
(including inclination) to avoid eclipses — APO plan may change (due to tradeoff
among AV, ops schedule, and maneuver delivery statistics)
— Roughly Apojove-4d, but depends on development, uplink, and execution schedules
 BPO = Backup APO
— Contingency, in case APO is missed
— Roughly Apojove+3d, but depends on development, uplink, and execution schedules
« STM = Statistical Trim Maneuver
— Planned for most but not all orbits due to long mapping time between OTM and next PJ
(may be canceled if post-OTM or -APO trajectory prediction for next PJ is acceptable)
— Roughly PJ-14d, but depends on development, uplink, and execution schedules
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Eclipse geometry (from Nav) JUND

Jupiter orbital period = 11.9 years

JOI

Tupit
uplter 05-Jul-2016

Juno orbit plane \

(inertially-fixed) \

160226 reference trajectory EOM
20-Feb-2018

“Eclipse Season”
(Juno orbit plane nearly
aligned with Sun-Jupiter

line; Summer 2019 to
Spring 2020, depending
on Juno orbit period

In our trajectory with
53-day orbits, Nav uses
apojove maneuvers to change
the orbit and avoid eclipses
prior to PJ22 and PJ23
(September-November 2019)

Figure not to scale
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Eclipse avoidance strategy

JUNO

» Best viewed in PowerPoint slide show mode (click on animation right-arrow buttons):

Sun-Jupiter rotating frame, viewed from behind Jupiter directly towards Sun,
around time of eclipse season

Juno view towards Jupiter (North up)

- Earth
Inbound to PJ23 (near equator crossing)
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Radiation accumulation vs. perijove @
(from Nav), and orbital radiation environment JUNe

» Predicted radiation accumulation (TID = total ionizing dose):

30 ’ +170F20 Reference Trajectory (1200 mil)

25 krad (RDM = 2)

Orbital radiation environment worsens as line mission requirement

o5 | of apsides rotates due to Jupiter’'s oblateness

» PJ34 =

/ 20.5 krad |
15 - %
Viewed from
perpendicular to orbit plane
10

5 o
’/D/D/D/D)’/D/Dﬁ

0 5 10 15 20 25 30 35 40
Perijove

* View in slide show mode to see radiation belts wobbling with Jupiter magnetic field

20 |

TID (krad)
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